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Some yeaes ago I accompanied Mr. Faieaday to a 

little Photographic Studio in Lambotli, with the view 
of exchanging portraits. The Frontispiece is engraved 
from one of the negatives taken on that occasion, find 
which is now in the possession of Dr. Bcnce Jones, 

The portrait facing p. 79 is from a Daguerreotype 
hy Claudet, the properly of Mrs. Faraday, taken when 
her husband was about fifty years old. Its position in 
the hook]] us hcen chosen with reference to his age. 
The present, memoir emhraccs two discourses on Fara- 
day, delivered at the Royal Institution of Great Britain 
on January 17th and 24th, 1868. 

John Tyitdaix. 
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FARADAY AS A DISCOVERER. 



PARENTAGE : INTRODUCTION TO THE ROYAL INSTITU- 
TION: EARLIEST EXPERIMENTS : FIRST EOTAL SOCIETY 
PAPER: MARRIAGE. 

It has been thought desirable to give you and the 
world some image of Michael Faraday, as a scien- 
tific investigator and discoverer. The attempt to 
respond to tins desire lias been to me a labour of 
difficulty, if also a labour of love. For however well 
acquainted I may be with the researches and dis- 
coveries of that great master — however numerous the 
illustrations which occur to me of the loftiness of 
Faraday's character and the beauty of his life — still 
to grasp him and his researches as a whole ; to seize 
upon the ideas which guided him, and connected. 
them ; to gain entrance into that strong and active 
brain, and read from it the riddle of the world — this 
is a work not. easy of performance, and all hut impos- 
sible amid the distraction of duties of another kind. 
That I should at one period or another speak to you 
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2 FARADAY AS A DISCOVERER. 

regarding Faraday and his work, is natural, if not 
mevi tabic : but I did not expect to "bo culled upon to 
speak so soon. Still tlie bare suggestim! that this is 
the tit and proper time for speech sent me imme- 
diately to my task: from it I have returned with 
such results as I could gather, and also with the ■wish 
that those results were more worthy than they are 
of the greatness of my theme. 

It is not my intention to lay before you a life of 
Faraday in the ordinary acceptation of the term. 
The duty I have to perform is to give you some 
notion of what he has done in the world ; dwelling 
incidentally on the spirit in which his work was 
executed, and introducing such personal traits as 
may be necessary to the completion of your picture 
of the fliiloM)/her, though "by no means adequate to 
give you a complete idea of the man. 

The newspapers have already informed you that 
Michael Faraday was born at Newington Butts, on 
September 22, 1791, and that he fell finally asleep at 
Hampton Court, on August 25, 1867. Believing, as 
I do, in the general truth of the doctrine of here- 
ditary transmission — sharing the opinion of Mr. 
Carlyle, that ' a really able man never proceeded 
from entirely stupid parents ' ■ — ■ I once used the 
privilege of my intimacy with Mr. Faraday to ask 
Lira whether his parents showed any signs of un- 
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FABADAY AS A DISCOVERER. 3 

usual ability. 'Flo could remember none-. His father, 
I believe, was a. great sufferer during the Litter years 
of his life, and this might have masted whatever 
intellectual power he possessed. When thirteen 
years old, that is to say in 1804, Faraday was 
apprenticed to a bookseller and bookbinder in 
Bl an dford- street, Manchester-square t here he spent 
eight years of his life, after which he worked as a 
journeyman elsewhere. 

Tou have also heard the account of Faraday's first 
contact with the Royal Institution; that he was 
introduced by one of the members to Sir Humphry 
Davy's last lectures ; that he took notes of those 
lectures, wrote them fairly out, and sent them to 
Davy, entreating him at the same time to enable 
him to quit trade, which he detested, and to pursue 
science, which he loved, Davy was helpful to the 
young man, and this should never be forgotten : he 
at once wrote to Faraday, and, afterwards when an 
op port uuitv occurred, made him his assistant.* Mr. 

* Hera is Dayy'a recommend at ion of Faraday, presented to the 

managers of the Royal Imtitiition, at a meeting on the 18th of March, 
1813, Charles Hatehett, Esq., in the chair :— 

1 Sir Humphry Davy has the honour to inform the managers that he 
lins fou::d a person ivhi.i is dofih'oui- to occupy the situation in the Insti- 
tution lately tilled by Wi^iam Payno. His name is Michael 1'araday. 
He is a youth of twenty-two years of ago. As far as Sir H. Davy has 
heeii iihle to ohssiv.? or ascertain, ho appears well titled for the situa- 
tion. Hishaliii.s seem j^ood ; his disposition active and cheerful, ant! 
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4 FABADAY AS A DISCOVERER. 

Gas-slot lias lately favoured me with the following 
e of this time : — 



' My dear Tthdall, — Sir H. Davy was accustomed 
to call on the late Mr, Pepya, in the Poultry, on his 
way to the London Institution, of which Pepya wae 
one of the original managers ; the latter told me that 
on one occasion Sir H. Davy, showing- him a letter, 
said, " Pepys, what am I to do, here is a letter from 
a young man named Faraday; he has been attending' 
my lectures, and wants mo to give him employment 
at the Royal Institution — what can I do?" " Do ? " 
replied Pepys, "put him to wash bottles; if he is 
good for anything he will do it directly, if lie refuses 
lie is good Cor nothing." "So, no," replied Davy; "wo 
must try him with something better than that." The 
result was, that Davy engaged him to assist in the 
Laboratory at weekly wages. 

' Davy held the joint office of Professor of Chemis- 
try and Director of the Laboratory; he ultiinatiiy 
gave up the former to the late Professor Brando, but 
he insisted that Faraday should he appointed Direc- 
tor of the Laboratory, and, as Faraday told me, this 

iiiit I ii.il i ■.Hi: i' ij'U'liiirent. Ho i.i will^s: to r-paii'f himself on (lie fame 
tenns .is given to 3Ir. Pavtiu ;it tliu lime of quit I irig the Institution. 

1 Resolved,— Tlmi, M'.<:h:.,.'. I-'ariuliiy lio c:iLia;;(:d to fill the situation 
iiitc-lv oci; | .![jii. , !l by lii'. T'iivin', on (lie Mime (wins. 1 
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FARADAY AS A DISCOVERER. 5 

enabled him on subsequent occasions to hold a defi- 
nite position in the Institution, in which he was 
always support ml by Davy. I believe he held that 
office to the last. 

'Believe me, my clear Tyndal], yours truly, 

' J. P. G-ASSlO'l'. 
1 Dr. Tynaall.' 

From a letter written by Faraday himself soon 
after his appointment as Davy's assistant, I extract 
the following account of his introduction to the Royal 

Institution: — 

' London, Sept. 13, 1813. 

' As for myself, I am absent (from home) nearly 
day and night, except occasional calls, and it is likely 
shall shortly be absent entirely, but this (having 
nothing more to say, and at the request of my 
mother) 1 will explain to you. I was formerly a 
bookseller and binder, hut am now turned philoso- 
pher,* which happened thus : — Whilst an. apprentice, 
I, for amusement, learnt a little chemistry' and other 
parts of philosophy, and felt an eager desire to pro- 
ceed in that way farther. Alter beiiio- a journey nam 
for six months, under a disagreeable: master, I gave 
up my business, and through the interest of a Sir H. 
Davy, filled the situation of chemical assistant to the 

* Fiiracl&y loved this »ii-(! <i:i(l emiiloyixl it lt> [Iiu List; lie luid na 
intense dislike lo the iiKJi.Li.Tii term jihyduht. 
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6 FARADAY AS A DISCOVERER. 

Hoyal Institution of Great Britain, in which office I 
now remain; and where I luri constantly employed in 
observing the works of nature, and tracing- the man- 
ner in which she directs the order and arrangement; 
of the world. I have lately had proposals made to 
me hy Sir Humphry Davy to accompany him in his 
travels through Europe and Asia, as philosophical 
assistant. If I goat all I expect it will be in October 
next — about the end ; and my absence from home will 
perhaps be as long as three years. But as yet all is 
uncertain.' 

This account is supplemented by the following 
letter, written by Faraday to his friend l)e la Rive,* 
on the occasion of the death of Mrs. Mareet. The 
letter is dated Sept. 2, 18S8 :— 

'My dear Fbiend,— Your subject interested me 
deeply every way ; for Mrs. Mareet was a good 
friend to me, as she must have been to many of the 
human race. I entered the shop of a bookseller and 
bookbinder at the age of 13, in the year 1804, 
remained there eight years, and during the chief 
part of the time bound books. Now it was in those 
books, in the hours after work, that I found the be- 
ginning of my philosophy. There were two that 
especially helped me, the "Encyclopedia Ibitanniea," 

s Tu wh'jin I iiui iin:rhu:('l k-r is copy of ii.i: (.irl.^iu.iJ kite' 1 . 



„ Google 



FARADAY AS A DISCOVERER. 7 

from which I gained my first notions of electricit y, 
and Mrs. Marcct's "Conversations on Chemistry," 
which. gave me my foundation in that science. 

' Do not suppose that I was a very deep thinker, 
or was marked as a precocious person, I was a very 
lively imaginative person, and could helieve in the 
"Arabian IS'iglits " as easily as in the " Encyclo- 
paedia." But facts were important to me, and saved 
me. I could trust a fact, and always cross-examined 
an assertion. So when I questioned "Mrs. Marcct's 
book hy such little experiments as I could find means 
to perform, and found it true to the facts as I could 
understand litem, I felt that I had got hold of an 
anchor in chemical knowledge, and clung fast to it. 
Thence my deep veneration for Mrs. Marcet — first 
as one who had conferred great personal good and 
pleasure on me ; and then as one ahle to convey the 
truth and principle of those boundless fields of know- 
ledge which concern natural things, to the young, 
unt aright, and inquiring mind. 

'You may imagine my delight when I came to 
know Mrs. Marcet personally ; how often I cast my 
thoughts backward, delighting to connect the past 
and the present ; how often, when sending a paper 
to her as a thank-offering, I thought of my first 
instructress, and such like thoughts will remain 
with me. 
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'I have some such thoughts even, as regards yonr 
own father ; who was, I may say, tlie first who per- 
sonally !i,t Geneva, and afterward:; by correspondence, 
encouraged, and by that sustained, me.' 

Twelve or thirteen years ago Mr. Faraday and 
myself quitted the Institution one evening' together, 
to pay a visit in Bilker- street. Ho took my arm at 
the door, and, pressing it to his side in his warm 
genial way, said, ' Come, Tyndall, I will now show 
yon something that will interest you.' We walked 
northwards, passed the house of Mr. Babbage, which 
drew forth a reference to the famous evening; pnriles 
once assembled there. We reached Blii.ndford-strcet, 
and after a little looking about, lie paused before 
a stationer's shop, and then went in. On entering 
the shop, his usual animation seemed doubled; 
ho looked rapidly at everything it contained. To 
the left on entering was a door, through which he 
looked down into a little room, with a window 
in front facing Blandford-street. Drawing me to- 
wards him, he said eagerly, ' Look there, Tyndall, 
that was my working -place. I bound books in that 
little nook. 5 A respectable-looking woman stood 
behind the counter : his conversation with me was 
too low to be heard by her, and he now turned to the 
counter to buy some cards as an excuse for our being 
there. He asked tin: woman Iier name — her prede- 
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FARADAY AS A DISCOVERER. 9 

eessors name — his predecessor's name. "That won't 
do,' ho said, with good-Iimnourod impatience; '"who 
was his predecessor?' 'Mr. Riebau,' she replied, 
and immediately 'added, as if suddenly recollecting 
herself, ' He, sir, was the master of Sir Charles 
I'araday.' 'Nonsense!* ho responded, ' there is no 
such person.' Great was her delight when I told 
her the name of her visitor; but she assured me that 
as soon as she saw him running about the shop, she 
felt — though she did not know why — that it must be 
* Sir Charles Faraday.' 

Faraday did, as you know, accompany Davy to 
Rome : he was re-engaged by the managers of the 
Royal Institution on May 15, 1815. Here he made 
rapid progress in chemistry, and after a time was 
entrusted with easy analyses bj r Davy. In those 
days the Royal. Institution published ''The Quarterly 
Journal of Science,' the precursor of our own ( Pro- 
ceedings.' Faraday's first contribution to science 
appeared in that journal in 1816. It was an analysis 
of some caustic lime from Tuscany, ivlii.cli had been 
Bent to Davy by the Duchess of Montrose. Between 
this period and 1818 various notes and short papers 
were published by Faraday. In 1818 he experi- 
mented upon ' Sounding Flames.' Professor Aligns te 
De la Rive, father of our present excellent De la 
Rive, had investigated those sounding flames, and 
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had applied to them an explanation which com- 
pletely accounted for a class of sounds discovered by 
De la Rive himself. By a few simple and conclusive 
experiments, Faraday proved that the explanation 
was insufficient. It is an epoch in the life of a young 
man, when ho illicit Limit;]!' corroding- a person of 
oniIucn.ce, and in '.Faraday's case, where its effect 
was to develop a modest self-trust, such an event 
could not, fail to act profitably. 

From time to time between 1818 and 1820 Faraday 
published scientific notes and notices of minor weight. 
At this time he was acquiring, not producing ; work- 
ing hard for hia master and storing' and strengthen- 
ing his own mind. He assisted Mr, Brande in his 
lectures, and SO quietly, skilfully, and modestly was 
his work done, that Mr. Brande's vocation, at the 
time was pronounced ' lecturing on velvet.' In 1820 
Faraday published a chemical paper ' on two new 
compounds of chlorine and carbon, and on a new 
compound of iodine, carbon, and hydrogen. This 
paper was read before the Royal Society on December 
21, 1820, and it was the first of lis that was honoured 
with a place in the ' Philosophical Transactions.' 

On June 12, 1821, he married, and obtained leave 
to bring his young wife into his rooms at the Royal 
Institution, There for forty-six; years they lived to- 
gether, occupying the suite of apartments which had 
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been previously In the successive occupancy of.' Young, 

Davy, and Brande. At the time of her marriage 'Mrs. 

Faraday was twenty-one years of age, he being nearly 

thirty. Regarding this marriage I will at present 

limit myself to quoting an entry written in Faraday's 

own hand in his book of diplomas, which caught my 

eye while in his company some years ago. It ran 

thus :— 

' 26th January, 1847. 

'Amongst these records and events, I here insert 

the date of one which, as a source of honour and 

.Un jipiness, far exceeds all the rest, "We werfl fflu/i-i'jii 

on June 12, 1821. 

' M. Fakaday.' 

Then follows the copy of the minutes, dated May 
21, 1821, which gave him additional rooms, and thus 
enabled him to bring his wife to the Royal Institu- 
tion. A feature- of Faraday's character which I have 
often noticed makes itself apparent in this entry. In 
his relations to his wife he added c1i.ivo.h-y to affection. 
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EARLY RESEARCHES ! MAG-HETId EOTATIONS : LIQUE- 
FACTION OF GASES : HEAVY GLASS : CHARLES AD- 
DERS ON : COHTEIEUTIONS TO PHYSIOS. 

Oersted, iii 1820, discovered the action of a voltaic 
current on a magnetic needle; and immediate I y 
afterwards the splendid, intellect of Ampere suc- 
ceeded in show-lug that every magnetic phenomenon 
then known might be reduced to the mutual action 
of electric currents. The subject occupied all men's 
thoughts ; and in this country Dr. Wollaston sought 
to convert the deflection of the needle by the current 
into -a permanent rotatiun of the needle round the 
current. He also hoped to produce the reciprocal 
effect of causing a current to rotate round a magnet. 
In the early part of 1821, Wollaston attempted to 
realise this idea in the presence of Sir Humphry 
Davy in the laboratory of the Royal Institution. 
This "was -well calculated to attract Faraday's atten- 
tion to the subject. He read much about it ; and in 
the months of July. August, ;md September, he wrote 
'a history of the progress 01 electro-magnetism, 1 
which he published in Thomson's 'Annals of Phi- 
losophy.' Soon afterwards he took up the subject of 
'- Magnetic Rotations/ and on the morning of Christ- 
mas-day, 1821, he called his wife to witness for the 
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first time, the revolution of a magnetic needle round 
an electric current. Incidental to the 'historic 
sketch, 5 he repeated almost all the experiments there 
referred to; and these, added to his own subsequent 
work, made him practical master of all that was 
then known regarding' the: voltaic current. In 1821, 
he also touched upon a subject which subsequently 
received his closer attention — the vaporization of 
mercury at common temperatures ; and immediately 
afterwards conducted, in company with Mr. Stodart, 
experiments on the alloys of steel. He was accus- 
tomed in after years to present to his friends razors 
formed from one of the alloys then discovered. 

During Faraday's hours of liberty from other 
duties, he took up subjects of inquiry for himself.*; 
and in the spring of 1823, thus self-prompted, he 
began the examination of a substance which had 
long been regarded as the chemical element chlorine, 
in a solid form, but which Sir Humphry Davy, in 
1 810, had proved to be a hydrate of cliloriue, that is, 
a compound of chlorine and water. Faraday first 
analysed this hydrate, and wrote out an account of 
its composition. This account was looked over by 
Davy, who suggested the heating of the hydrate 
under pressure in a sealed glass tube. This was 
done. The hydrate fused at a blood-heat, the tube 
became filled with a yellow atmosphere, and was 



)y Google 



14 FARADAY AS A DISCOVERER, 

found to contain two liquid substances. Dr. Paris 

happened to (intra (he laboratory while "Faraday -was 
at work. Seeing tlio oily liquid in his tube, he rallied 
the young chemist for his carelessness in employing 
soiled vessels. On filing off the end of tho tube, its 
contents exploded and the oily matter vanished. 
Early next morning, Dr. Paris received the following 
note : — 

' Dear Sir, — The oil you noticed yesterday turns 
out to be liquid chlorine. 

'Tours faithfully, 

' M. Faraday.' * 

The ga.s had been liquefied by its own pressure. Fa- 
raday then tried compression with a syringe, and 
succeeded thus in liquefying the gas. 

To the published account of this experiment Davy 
added the following note : — 'In desiring Mr. Faraday 
lo expose the hydrate of chlorine in a closed glass 
tube, it occurred to me that one of three things would 
happen : that it would become fluid as a hydrate ; 
that decomposition of water would occur ; ... or 
that the chlorine would separate in a fluid state.' 
Davy, moreover, immediately applied the method of 
self-compressing atmospheres to the liquefaction of 
muriatic gas. Faraday continued the experiments, 
* Paris: Life of Davy, s . 391. 
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and succeeded in. reducing a number of gases till 
then, deemed permanent to the Ikjuid condition. In 
1844 he returned to the subject, and considerably 
expanded its limits. These important investiga- 
tiona established the fact that gases are but the 
vapours of liquids possessing a very low boiling-point, 
and gave a sure basis to our views of molecular ag- 
gregation. The account of the first investigation 
was read before the Eoval Society on April 10, 1823, 
and was published, in Faraday's name, in the ' Phi- 
losophical Transactions.' The second memoir was 
sent to the Eoyal Society on December 19, 1844. I 
may add that while he was conducting his first ex- 
periments on the liquefaction of gases, thirteen pieces 
of glass; wore on one occasion driven by an. explosion 
into Faraday's eye. 

Some small notices and papers, including the 
observation that glass readily changes colour in 
sunlight, follow here. In 1825 and 1826 Faraday 
published papers in the ' Philosophical Transactions ' 
on ' new compounds of carbon and hydrogen, 5 and 
on ' sulphonaphthalic acid.' In the former of these 
papers he announced the discovery of Benzol, which, 
in the hands of modern chemists, has become the 
foundation of our splendid aniline dyes. But he 
swerved incessantly from chemistry into physics ; 
and in 1826 we find him engaged in investigating 



)y Google 



16 FABADAY AS A DISCOVERER. 

the limits of vaporization, and snowing, by exceed- 
ingly strong and apparently conclusive arguments, 
that even in the case of mercury such ei, limit exisl s ; 
much more he conceived it to be certain that our 
atmosphere does not contain Llie vapour of the fixed 
constituent;; of the cavlh's crust. This question, I 
may say, is likely to remain an open one. Dr. 
"Rankine. for example, lias lately drawn attention to 
the odour of certain metals ; whence comes this 
odour, if it be not from tho vapour of the metal ? 

In 1825 Faraday became a member of a com- 
mittee, to which Sir John Herschel and Mr. Dollond 
also belonged, appointed by the 'Royal Society to 
examine, and if possible improve, the manufacture 
of." glass for optical purposes. Their experiments 
continued till 1829, when the account of them con- 
stituted the subject of a ' Bakerian Lecture.' This 
lectureship, founded in 1774 by Henry Baker, Esq., 
of the Strand, London, provides that every year a 
lecture shall be given before the Royal Society, the 
sum of four pounds being paid to the lecturer. The 
Bakerian Lecture, however, has long since passed 
from the region of pay to that of honour, papers of 
mark only being chosen for it by the council of the 
Society. Faraday's first Bakerian Lecture, ' On the 
Manufacture of Glass for Opiici.il Purposes,' was de- 
livered at the close of 1829. It is a most elaborate 
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and console utious description of processes, pre- 
cautions, mid results : the del. ails were so exact mid 
so minute, and the paper consequently so long, that 
three successive sittings of the Eoyiil Society were 
taken up by the delivery of the lecture.* Tins glass 
did not turn, out to be of important practical use, 
but it happened afterwards to be the foundation of 
two of Faraday's greatest diseoverios.f 

The experiments Lore referred to, were commenced 
at the Falcon (i-lass Works, on the premises of Messrs. 
Green and Pellatt, but Faraday could not conveniently 
attend to them there. In 1827. therefore, a furnace 
ivas erected in the yard of the Hovel! Institution ; and 
it was at this time, and with a view of assisting him 
at the furnace, that Faraday engaged Sergeant An- 
derson, of the Royal Artillery, the respectable, truth- 
ful, a.nd altogether trustworthy man whoso appearance 

* Vis. November IS, December S and 10. 

t I make the following r-slmot I'rorti a Suitor from Mir John Herscticl, 
written lo me from Collbij^ood, on ■ bo .iiv.l ol' Soveiubev, 18(57 ;— 

'I will take tliis opporiaub y to nnmiioi; Dial I believe myself to have 
originated the suegestioiL of iho employment o' lo-ate of [cad lor opfh'ni 
purposes. It was somewhere in ilia year IS'22, as well as L can re- 
eo"h:ei, thiit 1 men-loned It lo (?ir James flbea .Mr.; .South ; and, In con- 
sc-.-psnen, Iho trial wns made in his laboratory in Ijlnekman Street, by 
j !■:'..■ 1 1 '.:;.' '.!:li- ml world li? .1 ::.i!'|i-o qnaii'.i'.y of bo.'.'a'.e of h\id, a;.d filing 
it under a muffle in a poreehiin evuporaiing dish. A vory limpid 
(ihfv.i^'i slifihily yellow) frli.ss ■rsaltod, iho refrar-livo iiidix J'Sfisi! 
(ivldoli you will find net down iu my rath' of refractive indices in my 
article " lag-in,' 1 Kh.ct/Ji-j.-'Ciii;! Ly.ii , --f.:Ji!tr,ii.i). It vs=, 'lowover, 'no soft 
for oplienl n«o as an o'ljri.-l -£h:f.j, Tl;is J'ir.i;'.iv ovor.iLaie, at least til 
a considerable degri.e, by the in '.rod net ion of silica.' 
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here is so fresh in our memories. Anderson con- 
tinued to bo the reverential helper of Faraday and 
the faithful servant of this Institution for nearly 
forty years.* 

In 1831 Faraday published a paper 'On a peculiar 
class of Optical Deceptions,' to which I believe the 
bei.iuti.iul optical toy called the Cb torn a trope owes its 
origin. In the same year he published a paper on 
Vibtating Surfaces, in which he solved an acoustical 
problem which, though of extreme simplicity when 
salmd; appears to have baffled many eminent men. 
The problem was to account for the fact that light 
bodies, such, as the seed of lycopodium, collected at 
the vibrating parts of sounding plates, while sand 
ran to the nodal lines. Faraday shoved that the 
light bodies were entangled in the little whirlwinds 
formed in the air over the places of vibration, and 
through which the heavier sand was rea (lily projected. 
Faraday's resources as an experimentalist were so 
wonderful, and his delight in experiment was SO 
great, that he sometimes almost ran into excess in 

* Regarding Anderson, Faraday writes thus ill 1845: — 'I cannot 

rpsiat tl;u occasion that is thus offered to ma of mentioning the name of 
Jir. Av.iir-t'iimi, n'::o dime io :v.e as an asai.tiiiit in ':jo- pl; ; ?=s (\yicri m . ■:.!*, 
.".::d L;iK remaini-d eviT v'lM.b in 'It.' 1 i:> :!.:■:■:: I r..-v of I In: :;oml Tnsl li nlior:. 
TF: 1 ."..=s!."trci mi? it: till the researches it.:!.o v.:ji;:!i 1. hue entered sini/o 
that tiisie ; and to his car;', steadiness., .cxi.cl Lttuic, a::d fiiilhi'dncss in 
:.lio j.iei'forniancc of a'l Una iiii; teen M'ln.'ai'.tcd 'o his charge, I am 
much indebted,— JI..F.' [Ji'.xp. LiiU-arcliS, vol, iii. p. 3, footnote.) 
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this direction. I have heard Mm say thai this paper 
on vibrating surface 3 was too heavily laden with 
experiments. 



DISCOVERY OF jrAGS.'KTO-ELF.CTJUOTrl": EXPLANATION 
OF ARAGO'S MA&HETIBM OF ROTATION : TERRES- 
TRIAL MAGXETO-ELECTIilO INDUCTION ; THE EXTEA 
CURRENT. 

The work thus far referred to. though sufficient of 
itself to secure no mean scientific reputation, forms 
but the vestibule of karaday's ac-hieven.ic.tits. He had 
been, engaged within these walls for eighteen years." 
During part of the time he had drunk in knowledge 
from Davy, and during the remainder be continually 
exercised his capacity for independent inquiry. In 
1831 we have him at the climax of his intellectual 
strenglh, forty years of age. stored with knowledge 
and full of original power. Through reading, lec- 
turing, and experimenting, he had become ib.oroughly 
familiar with electrical science: he saw where light 
was needed and expansion possible. The phenomena 
of ordinary electric induction belonged, as it were, to 
the alphabet of his knowledge: he knew that under 
ordinary circumstances the presence of an electrified 
body was suiheieut to excite, by induction, an une- 

* Ho used to say that it lvqnivid ir-Tiity year* of work to maife a 
ware 111 l'hvsiixu Pcioiiio ;. the pi'uviov^ period lining one aiinfmtey. 
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Icctrined body. He knew that the wire which carried 
an electric current was an elecU'ii'ied bod/, and still 
that all attempts had failed to make it excite in 
other wires a state similar to its own. 

What was the reason of this failure ? Faraday 
never could work from the experiments of others, 
however clesn-ly described. He knew "well that from 
every experiment issues a kind of radiation, lumi- 
nous in di tie rent degrees to different minds, and 
he hardly trusted himself to reason upon an ex- 
periment that he had not seen. In the autumn of 
1831 he began to repeat the experiments with 
electric currents, which, up to that time, had pro- 
duced no positive result. And here, for the sake of 
younger inquirers, if not for the sake of us all, it is 
worth while to dwell for a moment on a power which 
Faraday possessed in an extraordinary degree. He 
united vast strength with, perfect flexibility. His 
momentum was that of a river, which combines 
weight and directness with the ability to yield to 
the flexures of its bed. The intentness of his vision 
in any direction did not apparently diminish his 
power of perception in other directions ; and when 
he attacked a subject, expecting results, he had the 
faculty of keeping his mind alert, so that results 
different from those which he expected should not 
escape hiin through pro-occupation. 
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He began his experiment,? 'on tlie induction of 
electric currents ' by composing a helix of two insu- 
lated wires, which were wound wi.de by side round 
(he same wooden cylinder. One of these wires he 
connected with a voltaic buttery of ton cells, and the 
other with a sensitive galvanometer. When con- 
nection with the battery was made, and while the 
current flowed, no effect whatever was observed at 
the galvanometer. But he never accepted an experi- 
mental result, until he had applied to it the utmost 
power at his command. Re raised bin battery from 
10 cells to 120 cells, but without avail. The current 
flowed calmly through the baitery wire without pro- 
ducing, during its flow, any sensible result upon the 
galvanometer. 

' During its flow,' and this was the time when an 
effect was expected — but here Faraday's power of 
lateral vision, separating, as it were, from the lino of 
expectation, came into play — lie noticed, that a feeble 
movement of tin; needle always occurred at the mo- 
ment when he made contact with the battery ; that 
the needle would aii.rrwards return to its former posi- 
tion and remain quietly there unaffected by the 
flowing current. At the moment, however, when the 
circuit was interrupted the needle again moved, and 
in a direction opposed to that observed on the com- 
pletion of the circuit. 
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This result, and others of a similar kind, led him 
to the conclusion 'that the battery current thro ugh 
the one wire did in reality induce a similar current 
through the other; but that it continued for an in- 
stant only, and partook more of the nature of the 
electric ware from a common Linden jar than of the 
cm-rent from a voltaic battery.' The momentar_y 
currents thus generated were called indv.r.ed ewrrmts, 
while the current which generated them was called 
the 'inducing current. It was immediately proved that 
the current generated at making the circuit was 
always opposed in direction to its generator, while 
that developed on the rapture of the circuit coin- 
cided in direction with the inducing current. It 
appeared as if the current on its .first rush through 
the primary wire soughi a pure-luise in the secondary 
one, and, by a kind of kick, impelled backward 
through the latter an electric wave, which subsided 
as soon, as the primary current was fully established, 

Faraday, for a time, believed that the secondary 
wire, though quiescent wdien the primary current 
had been once established, was not in its natural 
condition, its return to that condition being declared 
by the current observed at breaking the circuit. He 
called this hypothetical state of the wire the electro- 
tonic xlabv : he afterwards abandoned this hypothesis, 
but seemed to return to it in later life. The term 
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el ecl.ro -tonic is also preserved hy Professor Du Bois 
Feymond to express a certain electric condition of 
the nerves, and Professor Clerk Maxwell has ably 
defined and illustrated tlie hypothesis in the Tenth 
Volume of the 'Transactions of the Cambridge 
Philosophical Society.' 

The mere approach of a wire forming a closed 
curve to a second wire through which a voltaic cur- 
rent flowed was then shown by Faraday to he suf- 
ficient to arouse in the neutral who an induced 
current, opposed in direction to the inducing cur- 
rent; the withdrawal of the wire also generated a 
current having the same direction as the inducing 
current ; those currents existed only during the time 
of:' approach or withdrawal, and when neither the 
primary nor the secondary wire was in motion, no 
matter how close their proximity might be, no in- 
duced current was generated. 

Faraday has been called a purely inductive philo- 
sopher. A great deal of nonsense is, 1 fear, uttered 
in this land of England about induction and deduc- 
tion. Some profess to befriend the one, some the 
other, while the real vocation of an investigator, like 
Faraday, consists in the incessant marriage of both. 
He was at this time full of the theory of Ampere, 
and it cannot bo doubted that numbers of his ex- 
periments were executed merely to test his deductions 
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from that theory. Starting from the discovery of 
Oersted, the celebrated French philosopher had 
shown that all the phenomena of magnetism then 
known might be reduced to the mutual attractions 
and repulsions of electric currents, llhgnetism had 
been produced from electricity, and 1'araday, who all 
his life Ion::!' entertained a strong belief in such re- 
ciprocal actions, now attempted to effect the evolu- 
tion of electricity from magnetism. Hound a welded 
iron ring he placed two distinct: coils of covered wire, 
causing the coils to occupy opposite halves of the 
ring. Connecting the ends of one of the coils with a 
galvanometer, he found that the moment the ring 
was magnetized, by sending a current through the 
other coil, the galvanometer needle whirled round 
four or five times in succession. The action, as 
before, was that of a pulse, which vanished imme- 
diately. On interrupting the circuit, a whirl of the 
needle in the opposite direction occurred. It was 
only during the time of magnetization or demagne- 
tization that these effects were produced. The in- 
duced currents declared a cJinruje of condition only, 
and they vanished the moment the act of magnetiza- 
tion or demagnetization was complete. 

The effects obtained with the welded ring were 
also obtained with straight bars of iron. Whether 
the bars were magnetized by the electric current, or 
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were excited by the contact of permanent steel ma.g- 
nets, induced currents were always generated during 
the rise, and during the subsidence of the magnetism. 
The use of iron was then abandoned, and the same 
effect a were obtained by merely thrusting- a perma- 
nent steel magnet into a coil of wire. A rush of 
electricity through the coil accompanied the inser- 
tion of the magnet; an equal rush in the opposite 
direction accompanied its withdrawal. The precision 
with which Faraday describes these results, and the 
completeness with which, ho dclines the boundaries of 
his facts, are wonderful. The magnet, for example, 
must not be passed quite through the coil, but only 
half tlirough, for if passed wholly through, the 
needle is stopped as by a blow, and then he shows 
how this blow results from a reversal of the electric 
wave in the helix. He next operated with the power- 
ful permanent, magnet of the Itoyal Society, and ob- 
tained with it, in an exalted degree, all the foregoing 



And now he turned the light of these discoveries 
upon the darkest physical phenomenon of that day. 
Arago had discovered in 182-1, that a disk of non- 
magnetic metal had the power of bringing a vibrating 
magnetic needle suspended over it rapidly to rest; 
and. that on causing the disk to rotate the magnetic 
needle rotated along with it. When both were 
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quiescent, there was not the slightest measurable 
attraction or repulsion exerted between the needle 
and the disk ; still when in motion the disk was 
competent to drag' after it, not only a light needle, 
but a heavy magnet. The question hud been probed 
and iuvest.iyaled with, admirable skill by both Arago 
and. Ampere. ami i'oisson had published a, the ore Lie 
memoir on the subject; but no cause could be 
assigned for SO extraordinary an action. It had also 
been examined in this- country by two celebrated men. 
Mr. Cabbage and Sir John Herschel; but it still re- 
mained a mystery, t'araday always recommended i be 
suspension of judgment in cases of doubt. 'I have 
always admired,' he any*, ~ the prudence and philo- 
sophical reserve shown by M. A.ra.go in resisting' the 
temptation to give a theory of the effect he had dis- 
covered, so long as he could not devise one which 
was perfect in its application, and in refusing to 
assent to the imperfect theories of others.' Now, 
however, the time for theory had come. I'araday 
saw mentally the rotating dish, under the operation 
of the magnet, Hooded with his induced currents, 
and from the known laws of interaction, between cur- 
rents and magnets he hoped to deduce the motion 
observed by A.rago. That hope he realised, showing 
by actual experiment that when his disk rotated 
currents passed through it, their position and direc- 
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tion being such as mast, in accordance with the 
established laws of electro-niiignejie action, produce 
Hits observed rotation. 

Introducing the edge of his disk between the 
poles of the large horseshoe magnet of tho Royal 
Society, and connecting the axis and tho edge of the 
disk, each by a wire with a galvanometer, he ob- 
tained, when the disk was turned round, a. constant 
flow of electricity. The direction of the current was 
determined by the direction of the motion, the cur- 
rout being reversed when the rotation was reversed. 
He now states the law which rules the production 
of currents in both disks and wires, and in so doing 
uses, for tho first time, a phrase which has since 
become famous. When iron filings arc scattered 
over a magnet, (lie particles of iron arrange them- 
selves in certain determinate lines called magnetic 
curves. In 1831, Faraday for the first time called 
these curves 'lines of magnetic force;' and he showed 
that to produce induced currents neither approach 
to nor withdrawal from a magnetic source, or centre, 
or pole, was essential, but that it was only necessary 
to cut appropriately the lines of magnetic force. 
Faraday's first paper on. Magneto-electric Induction, 
which I have here endeavoured to condense, was read 
before the Royal Society on the 2 -1th of Xovetnber. 
1831. 
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On January 12, 1832, Le communicated to the 
Royal Society a second paper on Terrestrial Migi.teto- 
electrk: Induction, which was chosen as the Eakeriau 
Lecture for tlic year, lie placed a bar of iron in a 
coil of wire} and lifting' the bar into the direction 
of the dipping- needle, ho (suited by this action a 
current in the coil. On reversing the bar, a current 
in the opposite direction rushed through the wire. 
The same effect was produced, when, on holding the 
helix in the line of dip, a bar of iron was thrust into 
it. Here, however, the earth acted on the coil 
hrough the intermediation of the bar of iron. Ho 
abandoned the bar and simply set a copper-pkte 
spinning in a horizontal plane; he knew that the 
earth's lines of magnetic force then crossed the plate 
at an angle of about 70°. When the plate spun 
round, the lines offorce were intersected and induced 
currents generated, which produced their proper 
effect when carried from the plate to the galvano- 
meter. 'When tho plate was in the magnetic 
meridian, or in any other plane coinciding with the 
magnetic dip, then its rotation produced no effect 
upon the galvanometer.' 

At the suggestion of a mind fruitful in suggestions 
of a profound, and philosophic character — I mean 
1 hat of Sir John tiers ehol— Mr. Bartow, of Woolwich, 
Lad experimented with a rotating iron shell. Mr, 
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Christie had also performed an elaborate series of 
experiments en a. rotating' iron disk. Both of them 
had found that when hi rotation the body exercised 
a peculiar action upon the magnetic needle, deflect- 
ing it in a manner which was not observed during 
tpiiescetico ; but neither of them was aware at the 
time of the agent which produced this extraordinary 
deflection. They ascribed it to some change in the 
magnetism of the iron shell and disk, 

But Faraday at once saw that his induced currents 
must come into play here, and he immediately ob- 
tained them from an iron disk. With a hollow brass 
ball, moreover, lie produced the effects obtained by 
Mr. Barlow. Iron was in no way necessary: the 
only condition of success was that the rotating body 
should be of a character to admit of the formation 
of currents in its substance: it must, in other words. 
be a conductor of electricity. The higher the con- 
ducting power the more copious were the currents. 
He now passes from his little brass globe to the globe 
of the earth. He plays like a magician with the 
earth's magnetism. He sees the invisible lines along 
which its magnetic action is exerted, and sweeping 
liis wand across these lines evokes this new power. 
Placing a simple loop of wire round a magnetic 
needle he bends its upper portion to the west: the 
north pole of the needle immediately swerves to the 
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east: lie bonds bis loop to the east, su.nl tlie north 
pole moves to the west. Suspending a common bar 
magnet in a vertical position, lie causes it to spin 
round, its own axis. Its pole being con inset eel with 
one end of a- galvanometer wire, and. its equator with 
the other end. electricity rushes round the galvano- 
meter from the rotating' magnet- Tie remarks upon 
the ' singula r iiulcjicri'.laicu ' of the magnetism and the 
body of the magnet which carries it. The steel be- 
haves as if it were isolated from its own magnetism. 
And then his thoughts suddenly widen, and he 
asks himself whether the rotating earth does not 
generate induced, currents as it turns round its axis 
from west to east. In his experiment with the twirl- 
ing' magnet the galvanometer wire remained at rest: 
one portion of the circuit was in motion vd-'^rrhj 
to another portion. But in the case of the twirling 
planet the galvanometer wire would necessarily he 
carried along with the earth ; there would be no rela- 
tive motion. What must be the consequence? Take 
the case of a telegraph wire with its two terminal 
plates dipped into the earth, and suppose the wire 
to lie in the magnetic meridian. The ground under- 
neath the wire is influenced like the wire- itself by the 
earth's rotation ; if a current from south to north be 
generated in the wire, a similar current from south 
to north would be generated in the earth under the 
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wire j these currents would run against the same 
terminal plate, and thus neutralize each other. 

This inference; appears inevitable, hut his profound 

vision perceived its- possible invalidity. He saw that 
it was at least possible that the difference of con- 
ducting power between the earth and the wire might 
give one an. advantage over the other, and that thus 
a residual or differential current might be obtained. 
Jie combined wires of dido-rent materials, and caused 
them to act in opposition to each other : but found 
the comb in at km ineffectual. The more copious How 
in the better conductor was exactly counterbalanced 
by the resistance of the worst. Still, though ex- 
periment was thus emphatic, be would clear his mind 
of all discomfort by operating- on the earth itself. 
He went to the round lake near Kensington Palace, 
and stretched 480 feet of copper wire, north, and 
south, over the lake. 1 , causing- places so Id (-red. to the 
wire at its ends to dip into the water. The copper 
wire was severed, at the middle, and the severed ends 
connected, with a galvanometer. ISTo effect whatever 
was observed. Tint though ([uioscent wafer gave no 
effect, moving water might. He therefore worked at 
London Bridge for three days during the ehb and 
flow of the tide, but without any satisfactory result. 
Still he urges, 'Theoretically it seems a necessary 
consequence, that where water is flowing there eleo- 



)y Google 



82 FARADAY AS A DISCOVERER. 

trie currents should In; formed. If a Hue be ima.gitiei.! 
passing from Dover to Calais through, tiie sea, and 
returning through the land, beneath the water, to 
Dover, it traces out a circuit of conducting matter 
one part of which, when the water moves up or 
down the channel, is cutting the magnetic curves of 
the earth, whilst the other is relatively at rest. 
. . . There is ever}- reason to believe that currents 
uo run in the general direction of the circuit des- 
cribed, either one way or the other, according- as the 
passage of the waters is up or down the Channel.' 
This was written, before tlie submarine cable was 
thought of, and he once informed me that actual 
observation upon that cable had been found to be 
in accordance with Ins theoretic deduction,'"' 

: '< lam indebted to a (Viir.ii fur lie i"= : I .'. -: s- -,■.- : ■ i £* rxqv.'inac morse!: — 'A 
short time after the pub'ioHlion ■■■■( Farae'.ay's fivsi rusea;'ehes in maenelo- 
i'l(v(r:,-i:.y, lii: attended '.':■;■ niMisl.ln^; of !.:io Fntldi As-Ofin'ion ii Oxfnil. 
in 13:12. ~ 0;i lliis oeea^ion le- wus rooae-nd by pome of I'ae iv.i'.he-rilie; 
io repeat the ee^bmi.od pxyimmeiil of clUiilinsr a spark fro::i a magnet, 
(raj-1'iviii^ '■'■■■i: 1 -ii" pni'po-e :hf l;!i--i-'> nii-j'K'l in i'ie Ajdrraolean Mas™!;, 
To this Ilc con sc i iter!, aad a lara/o party as.semhlcd '.;> Mi'.n^ss !liu ex- 
jaeameiits, v.-liicli. I r.c.c-d not. sjiv. were pem:e:]y s'.uvossl\d. Whilst lie 
was ivpentini: I'^ia a di;j;rj:t;.ry of the Ua:v.:r--i:y er.tored the room, and 
address! ae; hi Hindi' lo I'rolVs-u]' D;i::ii-il, w'.vi was siiiiajijiu; neav lo^adny. 
i:ioa::ve\ what: wis jioiiLp: on. Tar) Professor explained to him as popu- 
larly as possible tain sivmug re-ult of Faraday's ;?roat discovery. The 
Doan listened with attention Mid looked earnestly at the brdliant H'oju'k, 
bnl a iiKime:i' after iie assumed a serious countenance and shook his 
head; "Iara Sony for It," mild lip, as he waiked away; in the middle 
of I In- rojiii In: slopoed Ibr a Moment a:;d re] fat id, " 1 am sorry for it ; " 
il.ijn iviiiiiJ!!^ towards (iie door, whin the, handle was in his hand. In 
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Three years subsequent to the publication of these 
researches, that is to say on January 20, IS 3 -3, 
Faraday read before the Royal Society si paper ' On 
the influence by induction of an electric current 
upon itself.' A shock and spark of a peculiar cha- 
racter had been observed by a young man named 
William Jenldn, who must have been a youth of 
some scientific) promise, hut who, as Faraday once 
informed me, was dissuaded by his own father from 
having anything to do with science. The investi- 
gation of the fact noticed by >!"r. Jenldn led Faraday 
to the discovery of the extra, current, or the current 
induced in ihe frlmavy viira itself at the moments of 
making and breaking contact, the phenomena of 
which he described and illustrated in tho beautiful 
and exhaustive paper referred to. 

Soven-and-thirty years have passed since the dis- 
covery of magiiefo-el.ech'icity ; hut, if we except the 
extra current, until quite recently nothing of moment 
was added to the subject. Faraday entertained the 
opinion that the discoverer of a great, law or principle 
had a right to the ' spoils '—this was his term — 

turned round «-d said, " L'.ttcnll am sorry for it ; it is Tuil.'k? now 
iin'isi into the hands of I he iiifi-v.diiny." This ocfi; ['■■<.':■ a short i'nic after 
t jii; paper* had heen filled villi I ]■■■ do!?:as of 1 1 n- imjriek Liu-ners. An 
eiToni.on.H sf:i1 ■■in.'iit. of ivbi! L\:ll J'n'uii tile .].h-j:ii's :'!ou;h ivns minted at 
tho tinio in ono n; Ihe Oxford papers. He is i here tvruujdy stilled to 
have Eiiid, "It is putting new anus iiitu the hands of the infidel.'" 
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arising from its illustration; and guided by the prin- 
ciple he had discovered, his wonderful mind, aided by 
his wonderful ten fingers, overran in a single autumn 
this vast domain, an.d hardly left behind him the 
shred of a fact to be gathered by his successors. 

And hero the question may arise in some minds, 
What is the use of it all P The answer is, that if 
man's intellectual nature thirsts for knowledge, then 
knowledge is useful because it satisfies this thirst. 
If you demand, practical ends, you must, I think, 
expand your definition of the term practical, and 
make it include all that elevates and enlightens the 
intellect, as well as all that ministers to the bodily 
health and comfort- of men. Still, if needed, an 
answer of another kind might be given to the 
question c what is its use?' A.s far as electricity lias 
been applied, for medical purposes, it has he en almost 
exclusively Faraday's electricity. You ha.ve noticed 
those lines of wire which cross the streets of London. 
It is Faraday's currents that speed, from place to 
pla.ee through these wires. Approaching' the point 
of Dungeness, the mariner sees an unusually brilliant 
light, and from the noble pliarcx of LaTTeve the same 
light Hashes across the sea. These are Faraday's 
sparks exalted by suitable machinery to sunlike 
splendour. At the present moment the Board of 
Trade and the Brethren of the Trinity House, as 
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well as the Commissioners of Northern. Lights, are 
contemplating the introduction of the Magneio-elec- 
tj-i.e Light at numerous points upon our coasts; and 
future generations will "be able to refer to those 
guiding stars in answer to the question, what has 
been the practical use of the labours of Faraday? 
But I would again emphatically say, that his work 
needs no such justification, and that if he had al- 
lowed his vision to he disturbed by considerations 
regarding the practical use of Iris discoveries, those 
discoveries would never have been made by him. 'I 
Lave rather,' he wi'!.t.os in lS-'±. ' been desirous of dis- 
covering' new facts and new relations dependent on 
magneto-electric induction, than of exalting the force 
of those already obtained; being assured that the 
latter would find their full development hereafter.' 

In 1817, when lecturing' before a, private society in 
London on the element chlorine, Faraday thus ex- 
pressed himself with reference to this question of 
utility. ' Before leaving this subject, I will point out 
the history of this substance, as an answer to those 
who are in the habit of saying to every new fact, 
" What ia its use ? " Dr. Franklin says to such, 
" What is the use of an infant 9 " The answer of the 
experimentalist is, "Endeavour to mate it useful." 
When Scheele discovered this substance, it appeared 
to have no use; it was in its infantry and useless 
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state, but having grown up to maturi I. v, witness its 
powers, and see what endeavours to make it useful 
have done.' 

POINTS OF CHARACTER. 

A point highly illustrative of the character of 
Faraday now comes into view. He gave an account 
of his discovery of Ma gneto -electricity in a letter 
to his friend M. Ilacbetie, of Paris, who eoin.tirn.m- 
catod the letter to the Academy of Sciences. The 
letter was translated and published ; and immediately 
afterwards two distinguished Italian philosophers 
took up the subject, made numerous experiments, arid 
published their results before (he complete memoirs 
of Faraday had met the public eye. This evidently 
irritated him. He reprinted the paper of the learned 
Italians in the ' Philosophical Magazine,' accom- 
panied by sharp critical notes from himself. He also 
wrote a letter dated Dec. 1, 1832, toGayLussae, who 
was then one of the editors of the 'Amiales de 
Chhme,' in which he analysed the results of the 
Italian philosophers, pointing out their errors, and 
defending himself from what he regarded as impu- 
tations on his character. The style of this letter is 
unexceptionable, for Faraday could not write other- 
wise than as a gentleman ; but the letter shows that 
had he willed it he could have hit hard. We have 
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heard much of Faraday's gentleness mid sweetness 
and tenderness. It is all true, but it is very incom- 
plete. You cannot resolve a powerful nature into 
these elements, and Faraday's character would have 
been lews admirable t.liau it was bad it not embraced 
forces and tendencies to which the siiby adjectives 
'gentle'" and 'tender' would hj no means apply. 
Underneath his sweetness and gentleness was the 
heat of a volcano. He was a man of excitable and 
fiery nature ; but through high -eif-Jisi'iptine he had 
converted the fire into a central glow and motive 
power of life, instead of permitting it to waste itself 
in useless passion. ' He that is slow to a.nger,' saith 
the sage, ' is greater than the mighty, and he that 
ruleth his own spirit than he that taketh a city.' 
Faraday was not slow to anger, but he completely 
ruled ]n's own spirit;, and thus, though he took no 
cities, he captivated all hearts. 

As already intimated, Faraday had contributed 
many of his minor papers ■ — including his first 
analysis of caustic lime — to the 'Quarterly Journal 
of Science.' In 1882. he collected those papers and 
others together in a small octavo volume, labelled 
them, and prefaced them thus : — 

'PAPERS, NOTES, NOTICES, &o. &a, 

published in octavo, 

up to 1832. 

M. Faraday.' 
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( Papers of mine, puljlislicifl in octavo, in the "Quar- 
terly Journal of Science," and elsewhere, since the 
time th nt Sir H. Davy encouraged me to write the 
analysis of caustic lime. 

'Some, I think (at this date), are good; others 
moderate: and some bad. But I have put all into 
the volume, because of the utility they have been of 
to me — and none more than the bad — in pointing 
out to me in future, or rather, after times, the fan Its 
it became me to watch and to avoid. 

' As I never looked over one of my papers a year 
after it was written without belioying both, iu philo- 
sophy and manner it could have been much better 
done. I still hope the collection may be of great use 
to me. 

' M. Faraday. 

'Aug. 18, 1832.' 

' None more than the bad ! ' This is a bit of 
Faraday's innermost nature; and as I read these 
words I am almost constrained to retract what I 
have said regarding' the fire and excitability of his 
character. But is he not all the more admirable, 
through his ability to tone down and subdue that fire 
and that excitability, so as to render himself able to 
write thus as a little child? I once took the liberty 
of censuring the conclusion of a letter of his to the 
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Dean of St. Paul's. He subscribed himself 'humbly 
yours,' and I objected to the adverb. ' Well, but, 
Tyndall,' ho said, ' I am humble ; and still it would 
be a great mistake to think that I am not also 
proud.' This duality ran through bis character. A 
democrat in his defiance of all authority which 
unfairly limited his freedom of thought, and still 
ready to stoop in reverence to all that was really 
worthy of reverence;, in the customs of the world or 
the characters of men. 

And here, as well us elsewhere, may be introduced 
a letter which bears upon this question of self- 
control, written long years subsequent to the period 
at which we have now arrived. I had been at 
Glasgow in 1855, at a meeting of the British 
Association. On a certain day, I communicated a. 
paper to the physical section, which, was followed by 
a brisk discussion. Men of great distinction took 
part in it, the late Dr. Whewell among' the number, 
and it waxed warm on both sides. I was by no 
means content with this discussion ; and least of all, 
with my own part in it. This discontent: affected me 
for some days, during which I wrote to Faraday, 
giving h.i.i.n no details, but expressing, in a general 
way, my dissatisfaction. I give the following extract 
from his reply : — 
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1 Sydenham, 6th Oct,, 18fi5. 
c Mt dear Tyfdall,— These great meetings, of 
which I think very well altogether, advance science 
chiefly by bringing scientific men I ogctlie!' and making 
them to know and be friends with each other; and I 
am sorry when that is not the effect in. every part of 
their course. I know nothing except from what you. 
tell me, for I have not yet looted at the reports of 
the proceedings ; but let me, as an old man, who 
ought by this time to have profiled by experience, say 
that when I was younger I found I often misinterpret- 
ed the intentions of people, and found they did not 
mea.n what at the time I supposed they meant ; and, 
further, that as a general rule, it. was better to be a 
little dull of apprehension where phrases seemed to 
imply pique, and quick in perception when, on the 
contrary, they seemed to imply kindly feeling. The 
real truth never fails ultimately to appear; and op- 
posing parties, if wrong, are sooner convinced when 
replied to forbearingly, than when overwhelmed. All 
I mean to say is, that it is better to be blind to the 
result;; of partisanship, and. quick to see good will. 
One has more happiness in oneself in endeavouring 
to follow the things that make for peace. You can 
hardly imagine how often I have been heated in 
private when opposed, as I have thought unjustly 
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and superciliously, and yet I hare striven, and suc- 
ceeded I hcpe, in keeping down replies of the like 
kind. Aud I know I have never lost by it. I would 
not say all this to you did I not esteem you as a true 
philosopher and friend.* 

' Yours, %'ery truly, 

' M. Faeaday.* 



TTIFXTT.TY OF ET.T.C'riilCITIMS : FTUST RF.SF.Alt.CTIF.S OK 
ELECTRO-CHEMISTRY. 

I have already once used the word ' discomfort ' in 
reference to the occasion;;.! state of Fund lay's mind 
when experimenting. It wa.s to him a. discomfort to 
reason upon data which admitted of doubt. He 
hated what lie called 'doubtful knowledge,' and ever 
tended either to transfer it into the region of un- 
doubtful knowledge, or of certain and definite: igno- 
rance. Pretence of all kinds, whether in life or in 
philosophy, v;as hateful to him. He wished to know 
the reality of our nescience ns well as of our science. 



a Faraday would luivc been rcjaiced to Irani flint, during its last 
ni nsting iit Duud-r-t, t Jio- li'i;!;li As.-o?i;iilon i'-iisivaiid. in a striking 
mnnnfi' tlie f:.r.-,-i ii>u ivhirh he here di'st'i'ilws an LLd principal one. In 
my own case, a broiLo-lv welcome was every when; niajiifeslcil. I" 
{■:..::, Ike dillti'viiC'S 01' vimIIv ]ii.mouv,i!.:i :ini' anno moji aee novel' l- 1 valid 
healing. 
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: Tie ono tiling or the other,' lie seemed to say to an 
improved hypothesis ; ' come out as a solid truth, or 
disappear as a, convicted lie.' After making the 
great discovery which I have attempted to describe, 
a doubt seemed to beset him as regards the identity 
of electricities. ' Is it right,' he seemed to ask, 'to 
call this agency which I have discovered electricity 
at all? Are there perfectly conclusive grounds for 
believing that the electricity of the machine, the pile, 
the gymnotus and torpedo, Hi.agiioto-eleel.rleity and 
thermo-electricity, are merely different manifesta- 
tions of one and the same agent ? ' To answer this 
question to his own satisfaction lie formally reviewed 
the knowledge of that day. He added to it new 
experiments of his own, and finally decided in favour 
of the 'Identity of Electricities.' His paper upon 
this subject was read before the lioya.l Society on 
January the 10th and 17th, 1833. 

After he had proved to his own satisfaction the 
identity of electricities, lie tried to compare them 
quantitatively together. The terms quantity and in- 
tensity, which Faraday constantly used, need a word 
of explanation here. Tie might charge a. single Ley- 
den jar by twenty [.urns of bis machine, or he might 
charge a battery of ten jars by the same number of 
turns. The quantity in both cases would be sensibly 
the same, but the li'<!c><;-/hj of the single jar would he 
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the greatest, for here the electricity would be less 
diffused. Faraday first satisfied hi nisei f that the 
needle of his galvanometer was caused to swing 
through the same arc by the same quantity of ma- 
chine electricity, whether it was condensed in a small 
battery or diffused over a large one. Thus the elec- 
tricity developed by thirty turns of his machine pro- 
duced, under Y^ry variable conditions of battery sur- 
face, the same deflections. Hence he inferred the 
possibility of comparing as regards quantity, elec- 
tricities which differ greatly from each other in 
intensity. 

His object now is to compare friction al with vol- 
taic electricity, Moistening bibulous paper with the 
iodide of potassium —a favourite test of his — and 
subjecting it to the action of machine electricity, 
he decomposed the iodide, and formed a brown spot 
where the iodine is liberated. Then he immersed two 
wires, one of zinc, the other of platinum, each. T \-th 
of an inch in diameter, to a depth of |ths of an 
inch in acidulated water during eight beats of his 
watch, or three seconds ; and found that the needle 
of his galvanometer swung through the same arc, and 
coloured his moistened paper to the same extent, as 
thirty turns of his targe electrical machine. Twenty- 
eight turns of the machine produced an effect dis- 
tinctly less than that produced by his two wires. 



)y Google 



44 FARADAY AS A RISCOYEREIi. 

Now, the quantity of water decomposed "by the wires 
in this experiment totally eluded observation; it was 
inline i i sur ably small: and still that amount of de- 
composition involved the development of a quantity 
of electric force which, if applied in a, proper form, 
would kill a rat, and no man would like to bear it. 

In his subsequent researches ' On the absolute 
Quantity of Electricity associated with the Particles 
or Atoms of matter,' he endeavours to give an idea 
of the amount of electrical force involved in the de- 
composition of a single grain of water. He is al- 
most afraid to mention it, for he estimates it at 
800,000 discharges of his large Ley den battery. 
This, if concentrated in a single discharge, would be 
equal to a- very great flash of lightning; while the 
chemical action of a single grain of water on four 
grains of zinc would yield electricity equal in quan- 
tity to a powerful thunderstorm. Thus his mind 
rises from the minute to the vast, expanding Involun- 
tarily from the smallest I a. li oratory fact till it cm- 
braces the largest and grandest natural phenomena.* 

* Huff finds the qnfin- ity of cl.-elricir.y a?~. vi ;ited with one milli- 
gramme, of hydrogen in v>-atei\ to be er.nal to ■■[;j,-IS(J cliiirp's of a Levdon 
jar, with a heifr'.it. of -130 liiLLLiiuu^-iis, and a diameter of lfiO millimetres. 
Wi-I.h'i' mid Kolili'f.'.is'j'i have eiil(-.;l;i-c. 7 llnit if ihi: qnjiriily of electricity 
associated '.vitli one- -r. tl I iir:-;Liii':i--: oi' Lydr'jiien iuwairc, were. di:Tv.s<r;l 
over a cloud at a heijrhl of t.OOO mr-livs il!>ovc 1 1 ■ o i-ario, h v.-.julr' cxr-rt 
upon an equal ouanlily of the opposite elect riclly at. the oar;'.'* ™vfaco 
nn attractive force of L>,2-3S,ti00 kilogrammes. (l\k'Ctro-:yiisi-Iie Maat- 
('.; ■ ,■■■/■ ,■;, ISiil}, p. 262.} 
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Tn reality, however, he is at this time only clearing 

his way, and Ik: continues Laboriously to clear it for 
some time afterwards. He is digging' the shaft, 
guided by that instmet towards the mineral lode 
which was to him a rod of divination. c Er rieckt die 
Wahrlu:il^ said, the lamented Kuhlm.uscb, an eminent 
German, once in my hearing : — ' He smells the truth.' 
His eyes are now steadily fixed on this wonderful 
voltaic current, and he must learn snore of its mode 
of transmission. 

On May 23, 1833, he read a paper before the 
Koyal Society ' On a new Law of Electric Conduc- 
tion.' He found that though the current passed 
through water, it did not pass through ice: — why 
not, since they are one and the same substance? 
Some years subsequently he answered this question 
by saying- that the liquid condition enables the mole- 
cule of water to turn round so as to place itself in 
the proper line. of polarization, while the rigidity of 
the solid condition prevents this arrangement. This 
polar arrangement must precede decomposition, and 
decomposition is an accompaniment of conduction. 
He then passed on to other substances; to oxides and 
chlorides*.: and iodides, and salts, and sulnhurets, and 
found them all insulators when solid, and conductors 
when fused. In all cases, moreover, except one — 
and this exception he thought might be apparent 
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only — lie found the passage of the current across; the 
fused compound to be accompanied by its decompo- 
sition. Is then the act of decomposition essential to 
the act of conduction in these bodies ? Even recently 
this question was warmly contested. Faraday was 
very cautious latterly in Oppressing himself upon this 
subject ; but as a matter of fact lie held that an in- 
finite si j mil quantity of eloctricRy might pass through 
a compound liquid without producing its d.ecomposi- 
tion. De la Rive, who has been a, great worker on 
the chemical phenomena- of tlie pule, is very emphatic 
on the other side. Experiment, according to him 
and others, establishes in the most conclusive man- 
ner that no trace of electricity can pass through a 
liquid compound without producing its equivalent 
decompo sition .* 

Faraday has now got fairly entangled amid the 
chemical phenomena of the pile, and here his pre- 
vious training under Davy must have been of the 
most important service to him. Why, he asks, 
should decomposition thus take place P — ulia.t force is 
it that wrenches the locked constituents of these 
compounds asunder? On the 20th of June, ISO;.!. 
he read a paper before the Royal Society ' On 
Electro-chemical Decomposition,' in which he seeks 
to answer these questions. The notion had been 

<> Fumtlug, su Vie ci set- Travaitx, p. 20. 
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entertained that tin; poles, as they are called, of the 
decomposing cell, or hi other words the surfaces 
bj which the current enters and quits the liquid, 
exorcised electric attractions upon the constituents 
of the liquid and tore them asunder. Faraday 
combats this notion with extreme vigour. Litmus 
reveals, as you know, the action of an acid by 
turning red, turmeric reveals the action of an alkali 
by turning brown. Sulphate of soda, you know, is a 
salt compounded of the alkali soda and sulphuric 
acid. The voltaic cnrret.it passing through a solution 
of this salt so decomposes it, that sulphuric acid ap- 
pears at one pole of the decomposing cell and alkali 
at the other. Faraday steeped a piece of litmus 
paper and a, piece of turmeric paper in a solution of 
sulphate of soda : placing each of them upon a sepa- 
rate plate of glass, he connect ed them together by 
means of a siring moistened with the same solution. 
Tie then attached one of them to the positive conduc- 
tor of an electric machine, and the other to the gas- 
pipes of this build i tig, These he called his •' discharg- 
ing train.' On turning the machine the electricity 
passed from paper to paper through the string, 
which might bo varied in length from a few inches to 
seventy feet without changing the result. The first 
paper was reddened, declaring the presence of sul- 
phuric acid ; the second was browned, declaring thfi 
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presence of tlio alkali soda. The dissolved salt, 
therefore, arranged .In this fashion, was decomposed 
by the machine, exactly as it would have been by the 
voltaic currei.Lt. When instead of using' the positive 
conductor lie used the negative ; the positions of the 
acid and alkali were reversed. Thus he satisfied 
himself that chemical decomposition by the machine 
is obedient to the laws which rule decomposition by 
the pile. 

And now he gradually abolishes those so-called 
poles, to the attraction of which electric decom- 
position lia.il been ascribed. He connected a piece of 
turmeric paper moistened with the sulphate of sod.a 
with the positive: conductor of his .machine ; then he 
placed a metallic point in connection with his dis- 
charging train opposite tbe moist paper, so that the 
electricity should discharge through the air towards 
the point. The turning of the machine caused the 
comers of the piece of turmeric paper opposite to the 
point to turn brown, thus declaring the presence; of 
alkali. He changed this turmeric for litmus paper, 
and placed it, not in connection with his conductor. 
but with Ivis discharging train, a metallic point con- 
nected with the conductor being fixed at a couple 
of inches from the paper ; on turning the machine, 
acid was liberated at the edges and corners of the 
litmus. He then placed a series of pointed pieces 
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of paper. each separate piece being composed of two 
halves, one of litmus and the other of turmeric 
paper, and all moistened with sulphate of soda, in 
the line of the current from the machine. The pieces 
of paper were separated from each other by spaces 
of air. The machine was turned ; and it was always 
found that at the point where the electricity entered 
the paper, litmus was reddened, and at the point 
where it quitted the pnper, turmeric was browned. 
'Here,' he urges, ' the poles a.re entirely abandoned, 
but we have still electro-chemical decomposition/ 
It is evident to him that instead of being attracted 
by the poles, the bodies separated are ejected by the 
current. The effects thus obtained with poles of air 
he also succeeded in obtaining with polos of water. 
The advance in Faraday's own ideas made at this 
time is indicated by the word ' ejected.' He after- 
wards reiterates this view: the evolved substances are 
ctf-f/cllfid from the decomposing body, and ' not d/aiL-u 
out by an attraction.' 

Having abolished this idea of polar attraction, he 
proceeds to enunciate and develop a theory of his 
own. He refers to Davy's celebrated liakerian Lec- 
ture, given in 1806, which he says ' is almost entirely 
occupied in the consideration, of electro- chemical 
lieeompositlons.'" The facts recorded in that, lecture 
Varadav regards as of the utmost value. But 'the 
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mode of action by which the effects take place is 
stated very generally ; so generally, indeed, that 

probably a, dozen precise sebcin.es of eloetro-ohomieal 
action niigbt.be drawn up, differing essentially from 
each oilier . yet all agreeing with the statement there 
given.' 

It appears to me that these words might with 
justice be applied to Faraday's own researches sit 
this time. They furnish us with results of perma- 
nent value; but little help can be found in the theory 
advanced to account for them. It would, perhaps, bo 
more correct to say that the theory itself is hardly 
presentable in any tangible form to (be intellect. 
Faraday looks, ami rightly looks, into the heart of 
the decomposing body itself; he sees, and rightly 
sees, active within it the forces which produce the 
dec out posit ion, and ho rejects, and rightly rejects, 
the notion of external attraction; but beyond the 
hypothesis of decompositions and re-compositions, 
enunciated and developed by Grotbuss and Davy, 
he does not, I think, help us to any definite con- 
ception as to how the force reaches the decomposing 
mass and acts within it. Nor, indeed, can this be 
done, until we know the true physical process which 
underlies what we call an electric current. 

y conceives of that current as 'an axin of 
ontrary force:; exactly equal in amowl 
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in •yppodli.', JAreclions ; ' but this definition, though 
much quoted and eirculateil, teaches us nothing 
regarding the current. An ' axis' here can only 
mean a direction ; and what we want to he able to 

conceive of is, not the axis along which the power 
acts, hut the nature and mode of action of the power 
itself. Ho objects to the vagueness of De la Rive ; 
but the fact is, that both he and De la Eire labour 
under the same difficulty, Neither wishes to commit 
himself to the notion of a current compounded of two 
i.l.eetricities flowing in two opposite directions ; but 
the time had not come, nor is it yet come, for the 
displacement of this provisional fiction by the true 
mechanical conception. Still, however indistinct the 
theoretic notions of Faraday at. this time may be. 
Hie facts which are rising before him and around 
him are leading ]tii.n gradually, but .surely, to results 
of incalculable :i.m porta, nee in relation to the phi- 
losophy of the voltaic pile. 

He had always some great object of research in 

view, but i.n the pursuit of it he frequently alighted 
on facts of collateral interest, to examine which he 
sometimes turned aside from bis direct course. Thus 
we find the series of Ms researches on electro- 
chemical decomposition .interrupted by an inquiry 
into 'the power of metals and other solids, to induce 
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the combination of gaseous bodies.' This in- 
quiry, ■vvhich was received by the Royal Society on 
Nov. 30, 1833, though not so important as those 
whic.il precede and follow it. illustrates throughout 
his strength as an experimenter. The power of 
spongy platinum to cause the combination of oxygen 
and hydrogen had been discovered by Rdbereiner in 
1B2-L and had been applied by him in the construe-- 
tion of his well-known philosophic lamp. It was 
shown subsequently by Dulong and Thenard that 
even a platinum wire, when perfectly cleansed, may 
be raised to incandescence by its action on a jet of 
cold hydrogen. 

In his experiments on the decomposition of water. 
Faraday found that the positive platinum, plate of 
tbe decomposing cell possessed in an extraordinary 
degree the power of causing ovygen and hydrogen to 
combine. IJ"e traced tbe cause of this to the perfect 
cleanness of the positive phi I.e. Against it was libe- 
rated oxygen, winch, with the powerful a Minify of the 
'nascent state,' swept away all impurity from the 
surface ngainst which it was liberated. The bubbles 
of gas liberated on. one of the platinum plates or 
wires of a decomposing cell are always much smaller, 
and they rise in much more rapid succession than 
(hose from the other. Knowing Uiat oxygen is six- 
teen times heavier than hydrogen, I have more than 
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once concluded, and, I fear, led others into the error 
of concluding, that the smaller and more quickly 
rising hubbies must beIoirg to the .lighter gas. The 
thing appeared so obvious that I did not give myself 
the trouble of looking at the battery, which would 
at once have told me the nature of the gas. But 
Fai-aday would never have been satisfied with a 
deduction if lie could have reduced it to a fact. And 
he has taught me that the .fact here is the direct re- 
verse of what T supposed it to be. The small bubbles 
are oxygen, and their smalinoss is due to the perfect 
cleaimeas of the surface on which they are liberaled. 
T.lie hydrogen adhering to the other electrode swells 
into large bubbles, which rise in much slower succes- 
sion; but when the current is reversed, the hydro- 
gen is; liberated upon the cleansed wire, and then its 
bubbles also become small. 



laws or i:;.(:(.:!KO-C:i::.u.f.Au m:c:Oi: ['Of-ri'iox. 
In our conceptions and reasonings regarding the 
forces of nature, we perpetually make use of symbols 
which, when they possess a high representative value 
we dignify with the name of theories. Thus, prompi ed 
by certain analogies we ascribe electrical phenomena. 
to the action of a peculiar fluid, sometimes flowing, 
sometimes at rest. Such conceptions have their 
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advantages unci their disadvantages ; {-hoy afford 
peaceful lodging to the intellect for a time, but the)' 
also circumscribe it, ami by-and-by, when the mind 
has grown too large for its lodging, it often finds 
difficulty in breaking- down the walls of what has 
become its prison instead of its home.* 

No man ever felt this tyranny of symbols more 
deeply than Faraday, and no man was ever more as- 
siduous than lie to liberate hi nisei (' from ihem, and ihe 
terms which suit's led them. Calling Dr. Whew ell 
to his aid in 1833, he endeavoured to displn.ee by 
others all terms tainted by a foregone conclusion. 
His paper on Electro-chemical decomposition,, re- 
ceived by the Royal Society on January 9, 1834'. 
opens with the proposal of a new terminology. He 
would avoid the word 'current' if he could. t He 
does abandon the word : poles ' as applied to the ends 
of a decomposing cell, because it suggests the idea 
of attraction. yul^tKutin;; for it the perfectly neutral 
term Electrodes, He applied the term Tllm-.h-oli/tti to 

* I copy these words from tlio ru-inteil uljsf tfiot of a Friday orening 
leet.uvo, given by myself, becimsc they remind me, of Faraday's voice, 
respond big to i.he utterance l>y ;ui emphatic 'litar! licar .''—Pi-oc-.cdiiii:.- 
of the Royal Institution, Tol. ii. p. 132. 

f In 1338 he espressos himself thus : --' Tlio vnvd current is sr> ex- 
pressive in f.o:i:riifin innim:;:;; lh;.L v.v.cii applied in '.'::e i'Ciisider;i'ioi! of 
t )■.■:■■ i :■■!! L phriiiiLHi'ua. ivc ci'.u inui.Lv divcsl. i; s u ififlc Lilly of its mesr.iiij.r, 
or prevent onr minds from biini; prijuilicod by il.' —E:q,. Ttesear., v(l. i. 

p.5W. C| iair.) 
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every substance which can be decomposed by tbo cur- 
rent, and the act of decomposition lie called FAectio- 
h/nis. All these terms have become current in science. 
lb.: called tlie positive electrode the Anode, and the 
negative one the Cathode-, but these terms, though 
frequently used, have not enjoyed the same currency 
as the others. The terms Anion and Cation, which 
he applied to the constituents of the decomposed 
electrolyte, and the term Ion, which included both 
anions and cations, are still less frequently employed. 
Faraday now passes from terminology to research ; 
he sees the necessity of quant it a live determinations, 
and seeks to supply himself with a measure of voltaic 
electricity. This he finds in the quantity of water 
decomposed by the current. He tests this measure in 
ii.ll. possible ways, to assure himself that no error can 
ai'ise from iis employment. He places in the course 
of one and the same current a aeries of cells with 
electrodes of different sizes, some of them plates of 
platinum, others merely platinum wires, and collects 
the gas liberated on each distinct pair of electrodes. 
He finds the quantity of gas to be the same for all, 
Thus he concludes that when the same quantity of 
electricity is caused to pa.ss through a series of cells 
containing acidulated water, the electro- chemical 
action is independent of the size of the electrodes. 
He next proves that variations in intensity do not 
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interfere with this equality of a.ction. Whether his 
battery is charged with strong acid or with weak; 
whether it consists of five pairs or of fifty pairs; in 
short, whatever be its source, when the same current 
is sent through his series of cells the same amount 
of decomposition takes place in all. He next, assures 
himself.' that the strength or weakness of his dilate 
acid does not interfere with this law. Sending the 
same current through a series of cells containing 
mixtures of sulphuric aeid and water of different 
strengths, lie finds, however the proportion of acid to 
water might vary, the same amount of gas to he 
collected in all the cells. A crowd of facts of this 
character forced upon t'li.raday's iniiul the conclusion 
that the amount of electro-chemical decomposition. 
(ItTHiiids, not upon the size of the electrodes, not upon 
the intensity of the current, not upon the strength 
of the solution, hut solely upon the quantify of elec- 
tricity which passes through the cell. The quantity 
of electricity lie concludes is proportional to the 
amount of chemical action. On this law Fara.rlay 
based the construction, of his celebrated Voltnmeler, 
or Measurer of Voltaic electricity. 

But before he can apply this measure ho must clear 
his ground of numerous possible sources of error. 
The deconipos.il ion of his acidulated water is certainly 
a direct result of the cm-rent ; but as the varied and 
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imporUu.il researches of MM. Becopterel, Tie la Rive, 
and others had shown, there are also scwii (?»•';/ actions 
which may .materially interfere with and complicate 
the pure action of the current. These actions may 
occur in two ways ; either the li borate d ion, may seize 
upon, the electrode against which it is set free, forming 
a chemical compound with that electrode ; or it may 
seize upon the substance of the electrolyte itself, and 
thus introduce into the circuit chemical actions over 
and above those due to the current. Faraday sub- 
jected these secondary actions to an exhaustive ex- 
amination. Instructed by his experiments, and ren- 
dered competent hy them to distinguish between 
primary and secondary results, he proceeds to es- 
tablish the doctrine of 'Definite Electro-chemical 
Decomposition.' 

Into the same circuit he introduced his voltameter, 
■which consisted of a graduated tube tilled with acidu- 
lated water and provided with platinum plates for 
the decomposition of the water, and also a cell con- 
taining chloride of.' tin. "Experiments already referred 
to had taught him that this substance, though an in- 
sulator when solid, is a conductor when fused, the 
passage of the current being always accompanied by 
the decomposition of the chloride. He wished to 
ascertain what relation this decomposition bore to 
that of the water in his voltameter. 
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Completing his circuit:, lie permitted the current to 
continue until ' a reasonable quantity of gas ' was 

collected in the vol in, met'.: v. The, circuit was then 
broken, and the quantity of tin liberated compared 
with the quantity of gas. The weight of the former 
was 3-2 grains, that of the latter 0-49742 of a grain. 
Oxygen, as you know, unites with, hydrogen in the 
preport.io.ii of 8 to 1 to form water, (.'ailing the equi- 
valent, or as it is sometime* called, the atomic weight 
of hydrogen 1, that of oxygen is- 8 ; that of water is 
consequently 8 + 1 or 9. Now if the quantity of 
water decomposed in Faraday's experiment be repre- 
sented by the number 9, or in other words by the 
equivalent of water, then the quantify of tin liberated 
from the fused chloride is found by an easy calculation 
to be 57"9, which is almost exactly the chemical equi- 
valent of tin. Thua both the water and the chloride 
were broken up in proportions expressed by their re- 
spective equivalents. The amount of electric force 
which, wrenched a-sni'id.oi: the constituents of the 
molecule of water was competent, and neither more 
nor less than competent, to wrench asunder the con- 
stituents of the molecules of the chloride of tin. The 
fact is typical. With the indications of his volta- 
meter he compared the decomposition of other sub- 
stances both singly and in series, lie submitted his 
ijouclusions to numberless tests. lie purposely i.ntro- 
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iSiricr-d secondary actions, lie- endeavoured to hamper 
tljo fiii.liljii.oiit of those laws which it was tlio in tense 
desire of his mind to sec established. Bat from all 
tljo.-io difficulties; emerged tli.o golden truth, that under 
every variety of circumstances the decompositions of 
the voltaic current are as definite in their character 
as those chemical combinations which gave birth to 
the atomic theory. This law of Electro -chemical 
Decomposition rants, in point of importance, with 
that of Definite Combining Proportions in chemistry. 

ORIGIN OP POWER IN THE VOLTAIC PILE. 

In one of the public areas of the town of Coma 

stands a statue with no inscription on its pedestal, 
save that of a single name, ' Volta.' The bearer of 
that name occupies a place for ever memor able in the 
history of science. To liim we owe the discovery of 
the voltaic pile, to which for a "brief interval we must 
now turn our attention. 

The objects of scientific thought being the passion- 
less laws tmd phenomena of external nature, one might 
suppose that their mvestigation and discussion, would 
be completely withdrawn. from the region, of the feel- 
ings, and pursued by the cold dry light of the intel- 
lect alone. This, however, is not always the case. 
.Man carries his heart with him into all his works. 
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Yon cannot separata tlio moral and emotional from 
the intellectual; and Urns it is that the discussion 
of a point of science may rise to the heat of a 
battle-field. The fight between the rival optical 
theories of Emission and Undulation was of this 
fierce character; and scarcely less fierce for many 
years was the contest as to the origin and mainten- 
ance of the power of the voltaic pile. Volta himself 
supposed it to reside in the Contact of different 
metals. Here was exerted his ■'."Electro-motive force,' 
which tore the combined electricities asunder and 
drove them as currents in opposite directions. To 
render the circulation of the current possible, it was 
necessary to connect the metals by a moist conduc- 
tor; for when any two metals were connected by a 
third, their relation to each other was such that a 
complete neutralization of the electric motion was 
the result. Volta' s theory of.' metallic contact was so 
clear, go beautiful, and apparently so complete, that 
the best intellects of Europe accepted it as the 
expression of natural law. 

Volta himself knew nothing of the chemical phe- 
nomena of the pile ; but as soon as these became 
known, suggestions and intimations appeared that 
chemical action, and not metallic contact, might be 
the real source of voltaic electricity. This idea was 
expressed by Fabroni in Italy, and by YVollaston it. 
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England. It was tie vol op ed and maintained by those 
' admirable ol e< !tri clans/ Becquerel, of Pans, and Dc 
la Hive, of Geneva. The Contact Theory, on the 
other hand, received its chief development; a.nd illus- 
tration in Germany. It was long the scientific creed 
of the great chemists and natural philosophers of 
that country, and to the present hour there may bo 
some of them unable to liberate themselves from the 
fascination of their first-love. 

After the researches which I have endeavoured to 
place before you, it was impossible for Faraday to 
avoid taltiug a side in this controversy. He ditl so in 
a paper ' On the Electricity of the Voltaic Pile,' re- 
ceived, by the Royal Society on the 7th April, ISot. 
His position in the controversy might have been pre- 
dicted. He saw chemical effect* going hand-in- hand 
with electrical effects, the one being proportional to 
the other: and, in the paper now before us, he proved 
that when the former were excluded, the latter were 
sought for in vain. He produced a current without 
metallic contact; he discovered liquids which, though 
competent to transmit the feeblest currents — compe- 
tent therefore to allow the electricity of contact to 
flow through them if it were able to form a cur- 
rent, were absolutely powerless when chemically in- 
active. 

One of the very few experimental mistakes c( 
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"Faraday occurred in tins investigation. Fie thought 
thai: with a. single voltaic cell lie had obtained the 
spark biifovp, the r.idah touched, but lie subsequently 
discovered his error. To enable the voltaic, spark to 
pass through air before (bo terminals of the buttery 
were united, it was necessary to exalt tbe electro- 
motive force of tbe battery by multiplying its 
elements; but all tbe elements Faraday possessed 
were unequal to the tn.sk of urging the spark across 
the shortest mensurable space of air. Nor, indeed, 
could the action of the battery, the different metals 
of which, were in contact with each other, decide the 
pouit in question. Still, as regards the identity of 
electricities from various sources, it was at that day 
of great importance to determine whether or not the 
voltaic current could jump, as a spark, across an in- 
terval before contact. Faraday's friend, 'Mr. Gassiot, 
solved this problem. He erected a battery of -1,000 
cells, and with it urged a stream of sparks from ter- 
minal to terminal, when separated from each other 
by a measurable space of air. 

The memoir on the ' Electricity of the Voltaic 
Pile,' published in 1834, appears to have produced, 
but little impression upon (he supporters of the con- 
tact theory. These indeed were men of too great 
intellectual weight and insight lightly to take up, or 
lightly to abandon a theory. Faraday therefore re- 
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sumed the attack in a paper communicated to the 
Eoyal Society, on the 6th of February, 1840. In 

this paper he hampered his antagonists by a crowd of 
adverse experiments. He hung' difficulty after ohlTi- 
ciilty about the .neck of the contact theory, until in 
its efforts to escape from his assaults it so changed 
its character as to become a tiling totally different 
from the theory proposed bv Yolta. The more per- 
sistently it was defended, however, the more clearly 
did it show itself to be a cone-erics of devices, bearing 
the stamp of dialectic skill rather than that of natural 
truth. 

In conclusion, li'araday brought to bear upon it an 
argument which, had its full weight and purport 
been understood at the time, would have instantly 
decided the controversy. ' The contact theory,' he 
urged, ' a.ssuines that a force which is able to over- 
come powerful resistance, as for instance that of the 
conductors, good, or bad, through which the current 
pa.sscs, and that again of the electrolytic action 
where bodies are decomposed by it, can arise out of 
nothing : that without any change in the acting mat- 
ter, or the consumption of any generating force, a 
current shall be produced winch shall go on for ever 
against a constant resistance, or only be stopped, as 
in the voltaic trougn, by the reins winch its exertion 
has heaped np in its own course. This would indeed 
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be a creation of power, and is like no other force in 
nature. We have many processes by which the form 
of the power may be so changed, that an apparent 
conversion of one into the other takes phi.ee. So we 
can change chemical force into the electric current, 
or the current into chemical force. The bountiful 
experiments of Seebeck ami Peltier show the conver- 
tibility of heat and electricity ; ami o titers by Oersted 
and myself show the- convertibility of electricity and 
magnetism. But in no case,not even in those of the 
(lijini<ot.v.s tind Torpedo, is them a pure creation or a 
production- of power wititont a enrrcapond.iiuj cvfi.avMLon 
of something to supply it.' 

These words were published more than two yeara 
before either Mayer printed his brief but celebrated 
essay on the Forces of Inorganic Xature, or Mr. 
Joule published his first famous experiments on the 
Mechanical Value of Heat. They .illustrate the fact 
that before any great scientific principle receives dis- 
tinct enunciation by individuals, it dwells more or 
less clearly in the general scientific mind. The in- 
tellectual, plateau is already high, and our disco- 
verers are those who, like peaks above the plateau, 
rise a little above the general level of thought at the 
time. 

But many years prior even to the foregoing ut- 
terance of Faraday, a similar argument had been 
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employed. I quote liere with equal pleasure and 

a.dm iration the lollowuig passage written by Dr. 
Koget so far bad; as 182,'J. Speaking' of the contact 
theory, he says : — ' If there could exist a power 
having the property ascribed to it by the hypothesis, 
na.inoly, that of giving' continual impulse to a fluid 
in one constant direction, without being exhausted 
by its own action, it would differ essentially from 
all the known powers in nature. All the powers 
and sources of motion with the operation of which 
we are acquainted, when producing- these peculiar 
eileels, are (;:• peiided ■/■»■ the, sa-iiw, proportion, an tJi-osa 
effects are produced, ; and hence arise* the -impiis- 
xi.hi.Hti/ of obtaining by their agency a pcrpehuil 
effects or in other 'words a, perpetual, motion. But 
the electro -motive force, ascribed by Volta to the 
metals, when in contact, is a. force which as long 
as a free course is allowed to the electricity it sets 
in motion, is never expended, and continues to be 
excited with undiminished power in the prod vie lion 
of a never-ceasing effect. Against the truth of such 
a supposition the probabilities are all but infinite.' 
When this argument, which he employed indepen- 
dently, had clearly lixed itself in his mind, Faraday 
never cared to experiment further on the source of 
electricity in the voltaic pile. The argument appeared 
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to him ( to remove the, foundallon U-wJf of tlie contact 
theory,' and he afterwards let it crumble down in 



KESliAliCJHliS OX jVHTCTIO'VATi TiLECJ-RTOTTYI I XOHCTIOV : 
CONDUCTION : SPECIFIC INDUCTIVE CAPACITY : 
THEORY OP CONTIGUOUS PARTICLES. 

The burst of power which had filled the four pre- 
ceding years with an amount of experimental work 
unparalleled in the history of science parti ally sub- 
sided in 1835, and the only scientific paper con- 
tributed by Faraday in that year was a comparatively 
unimportant one, 'On an improved Form of the 
Voltaic Battery.' He brooded for a time: his expe- 
riments on electrolysis had long filled his mind ; he 

■'■■ To i'iiKnmt £ji: till': ^(Vi'.-'ii n/rrrnf, iviiifli tv^ij raC'.y the corf; of iiiu 
ivh.ili: (lisciissiij:;, "Faraday (lc i ho:i-i ruled '.in? impotent? of tins CouliLi-r 
Theory us ihrii cainvdinitd nnd (ii'feudi'd. Slill, i' iseuituin that two 
(liiJl.aTiii n n: f/j'.a, when brought iu 'jo CLii:l;:ut, r.I:r: vjj : : 1 lnvi:yi--Ive-K, (ho one 
with posit ivo ;i.;;(l i]ie fii.f-.fi' will) nesatii-i? dix'trifiry. I hud l:i-- i-lrupuiv 
of iviiug otpv (his i;imii::i1 vii.li Kohivfiv.sd! in 1S-1-.J. and Iiis experi- 
ments left, no doubt upon my mir.d that. Ihn eoiitiet oieelvie.ily of 
Vol'.a was si reality, though if eou.rl pi'Oikei? no ivum-iit. With one 
of tho bountiful ksi.T-.innnls i]i:-.i--d by hi Intel f, .Siv V-.'J ! I i'lin Thomson 
lias vendol'ed this point capable of sv.ru: mid o;:sy dcnnuistnit.ioii ; nnd 
he and others n::n-lio]d what nniy 1.x- (.'ailed a eontact. thorny, which, 
■whiles it -akes into iiCL'iiKi'.t the actior. of file nieliiis, nlso .'unbraces lim 
dii-mii'nl p'a-uor.iena of ih.- circuit. .1 f . ■ 1 r 1 1 1 : 1 1 ^ , I believe, was the? f.r<it 
to give ilia contact- theoiy I fiis 11011 fur;::, in hi.: o.cli-;.ire.(i:d esiuy, Vdtr 
din brhidiuag iun- K,-uJt, p. 43. 
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looked, as already stated, into the very heart of the 
electrolyte, en flavouring to render the play of its 
atoms visible to his mental eye. He had no donbt 
that in this ease what is called ' the electric current ' 
wn.s propagated from particle to particle of the elec- 
trolyte; he accepted, the doctrine of decomposition 
and rceoniposil.ion which, according to Grotliuss and 
Davy, ran from electrode to electrode. And the 
thought impressed him more and more that or- 
dinary electric induction was also transmitted and 
sustained by the action of ( contiguous particles,' 

His first great paper on frictional electricity was 
sent to the Eoyal Society on Kb ranter 30, 1807. 
We here find him face to face with' an idea which 
beset his mind throughout Iris whole subsequent lii'e, 
—-the idea of action at a distance. It perplexed a.nd 
bewildered him. In his attempts to get rid of this 
perplexity, lie was often, unconsciously rebelling 
against the limitations of the intellect itself. He 
loved to quote Newton upon this point : over and 
over again he introduces his memorable words, 'That 
gravity should he innate, Inherent, and essential to 
matter, so that one body may act upon another at 
a, distance through a vacuum- and without the media- 
tion of anything else, hy and through which this 
action and force may be conveyed from one to an- 
other, is to me so great air absurdity, that I believe 
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no man who has in philosophical in alters a compe- 
tent faculty of thinking, can ever fall into it. Gravity 
must be caused by an agent acting constantly ac- 
cording to certain laws ; but whether this agent be 
material or immaterial, I have left to the considera- 
tion of my readers.' * 

Faraday does not see the same difficulty in hia 
contiguous particles. And yet, by transferring the 
conception from masses to particles, we simply lesson 
size and distance, but we do not alter the quality of 
the conception. Whatever difficulty the mind ex- 
periences in conceiving of action at sensible dis- 
tances, besets it also when it attempts to conceive 
of action at insensible distances. Still tin:, investiga- 
tion of the point whether electric and magnetic effects 
were wrought out through the intervention of con- 
tiguous particles or not, had a physical interest 
altogether apart from the metaphysical difficulty, 
Faraday grapples with the subject experimentally. 
By simple intuition he sees (hat action at a distance 
must be exerted in straight lines. Gravity, he 
knows, will not turn a corner, but exerts its pull 
along a right line ; hence his aim and effort to as- 
certain whether electric action ever tubes place in 
curved lines. This once proved, it would follow that 
the action is cm-vied on by mums of a 'medium sur- 

* Newton's third letter to Bei!i,lc) r . 
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rounding i\w electrified bodies. J lis experiments In 
1.8-17 reduced, in his opinion, this point to demon- 
stration. He then found that he could electrify, by 
induction, an insulated sphere placed completely in 
the shadow of a body which screened it from direct 
action. He pictured the lines of electric force bend- 
ing round the edges of the screen, and reuniting on 
the other side of it ; and he proved that in many 
eases the augmentation of the distance between his 
insulated, sphere and the inducing' body, instead of 
lessening, increased the charge of the sphere. This 
he j ).<(■■ ribed to the coalescence of the lines of electric. 
force at some distance behind the screen. 

Faraday's theoretic views on this subject have not 
received general acceptance, but they drove him to 
■experiment, and experiment with him was always 
prolific of results. Jiy suitable arrangements he 
placed a. metallic sphere in the middle of a large 
hollow sphere, leaving a space of something more 
than, half-an-inch between tit cm. The interior sphere 
was insulated, the external one uninsulated. To the 
former he communicated a definite charge of electri- 
city. It acted by induction upon the concave surface 
of the latter, and he examined how this act of in- 
duction was effected by placing insulators of various 
kinds between the two spheres. He tried, gases, 
Heralds, and solids, but the solids alone gave him 
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positive results. He constructed two instruments of 

the foregoing description, equal in size and similar in 
form. The interior sphere of each communicated 
with the external air by a brass stem ending in a 
knob. The apparatus was virtually a Levdon jar, the 
two coatings of which were the two spheres, with a 
thick and variable insulator between them. The 
amount of charge in each jar was determined by 
bringing a prooi'-pla.neint.Q contact with its knob, and 
measuring by a torsion balance the chaise taken 
away. He first charged one of his instruments, and 
then dividing tin; charge with the other., found that 
when air intervened in both cases, the charge wa,s 
equally divided. But when shellac, sulphur, or sper- 
maceti was interposed between the two spheres or 
one jar, while air occupied this interval in the other. 
then he found that the instrument occupied by the 
'solid dielectric' takes more tli.au half the original 
charge. A portion of the charge was absorbed by 
tho dielectric itself. The electricity took time to 
penetrate the dielectric, immediately after the dis- 
charge of the apparatus, no trace of electricity was 
found upon its knob. But after a time electricity 
was found there, the charge having- gradually re- 
turned from the dielectric in. which it had been lodged. 
Different insulators possess this power of permitting 
the charge to enter tho in in different degrees. Faraday 
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figured their particles as polarized, and he concluded 
tliat the force of induction is propagated from par- 
ticle to particle of the dielectric from the inner sphere 
to the outer one. This power of prop;) ^si ion. possessed 
by insulators he called their ' Specific Inductive Ca- 
pacity.' 

Faraday visualizes with the utmost clearness the 
state of his contiguous particles; one after an other 
they become charged, each succeeding' particle de- 
pending- for its charge upon its predecessor. And 
now he seeks to break down the wall of partition 
between conductors and insulators. ' Can we not,' he 
says, ' hy a gradual chain of association carry up 
discharge from its occurrence in air through sper- 
maceti and water, to solutions, and then on to chlo- 
rides, oxides, and metals, without any essential 
change in its character?' Even copper, he nrges, 
offers a resistance to the transmission of electricity. 
The action of its particles differs from those of an 
insulator only in degree. They are charged like the 
particles of the insulator, but; they discharge with 
greater case and rapidity ; and this rapidity of mole- 
cular discharge is what we call conduction. Con- 
duction then is always preceded by atomic induction ; 
and when, through some quality of the body which 
Faraday does not define, the atomic discharge ia 
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rendered slow ami difficult, conduction passes into 
ins illation. 

Though they are often obscure, a fine vein of 

philosophic thought runs through those investiga- 
tions. The mind of the philosopher dwells amid 
those agencies which underlie the visible phenomena. 
of Induction and Conduction; and lie tries by the 
strong light of bis imagination to see the very mole- 
cules of his dielectrics. It would, however, be easy 
to criticise these researches, easy to show the loose- 
ness, and sometimes the inaccuracy, of the phraseo- 
logy employed; but this critical spirit, will get little 
good out of Faraday. Bather let those who ponder 
his works seek to realise the object he set before 
him, not permitting bis occasional vagueness to in- 
terfere with their appreciation of his speculations. 
We may see the ripples, and eddies, and vortices of 
a (lowing streit.ru, without being a.ble to resolve all 
these motions into their constituent elements; and 
so it sometimes strikes me that Faraday clearly saw 
the play of fluids and ethers and atoms, though his 
previous training did not enable hint to resolve what 
he saw into its constituents, or describe it in a man- 
ner satisfactory to a mind versed in. mechanics. And 
then again occur, I confess, dark sayings, difficult to 
be understood, which disturb my confidence in this 
conclusion. It must, however, always he remembered 
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that he works at the very boundaries of our know- 
ledge, and that his mind habitually dwells in the 
' 'boundless contiguity of shn.de' by which that know- 
ledge is surrounded. 

In the researches now under review the ratio of 

speculation and. reasoning to experiment is far higher 
than in any of Faraday's previous works. Amid 
much tha.t is entangled and dark we have Hashes 
of wondrous insight and utterances which, seem less 
the product, of reasoning than of revelation. I will 
conline myself here to one example of this divining 
power: By his most ingenious device of a rapidly 
rotating mirror, Wheals lone had proved that elec- 
tricity required time to pass through, a wire, the cur- 
rent reaching the middle of the wire later than its 
two ends. ' If,' says Faraday, ' the two ends of the 
wire in Professor Wheatstone's experiments were 
immediately connected with two large insulated me- 
tallic surfaces exposed to the air, so that the primary 
act of induction, alter making the contact for dis- 
charge, might be in part removed from the internal 
portion of the wire at the first instance, and disposed 
for the moment on its surface jointly with the air and 
surrounding conductors, then I venture to anticipate 
that the middle spark would be more retarded than 
before. And if those two plates were the inner and 
outer coatings of a large jar or Ley den battery, then 
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the retardation of the spark would be much greater.' 

This was only a 'prediction, for the experiment way 
not made.* Sixteen years subsequently, however, 
the proper conditions came into play, and Faraday 
was able to show that the observations of Werner 
Siemens, and Latimer Clark, on subterraneous and 
submarine wires were illustrations on a grand scale, 
of the principle which he had enunciated in 1838. 
The wires and the surrounding wafer act as a Leyden 
jar, and the retardation of the current predicted 
by Faraday manifests itself in every message sent by 
such cables. 

The meaning of Faraday in f.liese memoirs on In- 
duction and Conduction is, as I have said, by no 
means always clear; and the difficulty will be most 
felt by those who are best trained in ordinary theoretic 
conceptions. He does not know the reader's needs, 
and he therefore does not meet them. For instance, 
he speaks over and over again of the impossibility of 
charging- a body with one electricity, though the im- 
possibility is by no means evident. The key to the 
difficulty is this. He looks upon every insulated con- 
ductor as the inner coating of a. Leyden jar. An in- 
sulated sphere in the middle of a room is to his mind 

* If Sir Charles Wlioa'stsno could be i::d"e«l to lata up his mea- 
Rivoirinils ():!(!(- isi'in;, vlli'ylii:' 111'.'- bv.ijs'.hiu-ch tlii'Oiii;:i wliiuli, ;uid llm 

( il It in ns mulrt' wlili'li llir r:..tvt iA is [ii , {i|-.n;;.iV. ;il, III: uii^Li rvi.-.l.v j.»:t;lI; 

Boi'viuc to Hcicnco, ljul li Lin i;.lci i l? ;i n-,1 t.\^uriiucutal. 
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such a coating ; the walls are the outer coating, while 
the air between both is the insulator, across which 

tins charge acts by induction. Without; this reaction 
of the walls upon the sphere you could no more, 
according to Tarn-day. charge it with electricity than 
you could charge a- Leyden jar, if its outer coating 
were removed. Distance with him is immaterial. 
His strength as a generalize!' enables him to dissolve 
the idea of magnitude; and if you abolished the 
walls of the room — even the earth itself — he would 
make the sun and planets the outer coating of his 
jar. I dare not contend, thn.t; Tn.rudny in these me- 
moirs made all his. theoretic positions good. But a 
pure vein of philosophy runs through these writings ; 
■while ii.is experiments and reasonings on the forms 
and phenomena of electrical discharge are of im- 
perishable importance. 

REST NEEDED — VISIT TO SWITZERLAND. 

The last of these memoirs was dated from the 
Royal Institution in June, 1838, It concludes the 
first volume of his ' Experimental Researches on 

Electricity.' In "J.tMO, as already staled. In? mn.de his 
final assault on the Contact Theory, from which it 
never recovered.* He was now feeling the effects of 
the mental strain to which, lie hud been subjected for 
* See note, p. 6@, 
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so many years. During these years lie repeatedly 
broke down. His wife alone witnessed tlie extent of 
his prostration, and to her loving care we, and the 
world, are indebted for the enjoyment of his presence 
here so long. He found occasional relief in a theatre. 
He frequently quitted Loudon and wont to Brighton 
and elsewhere, always choosing a situation wMch 
commanded a view of the sea, or of some other 
pleasant horizon, where lie could sit and gaze and 
feel the gradual revival of the faith that 

'Nature never did betraj 



But very often Cot Rome days after his removal to the 
country he would be unable to do more than sit at a 
window and look out upon the sea and sky. 

In 1841, his state became more serious than it had 
ever been before. A published letter to Mr. Richard 
Taylor, dated March 11, 1848, contains an allusion 
to his previous condition, ' You arc aware,' he says, 
'that considerations regarding health have prevenled 
me from working or reading on science for the last 
two years.' This, at one period or another of their 
lives, seems to be the fate of most groat investigators. 
They do not know the limits of their constitutional 
strength until they have transgressed them. It is, 
perhapy, right Lliat they should l.rausgress them, in 
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order to ascertain where they lie. Faraday, however, 

though lie went far towards it, did not push his 
transgression beyond his power of restitution. In 
18:11. Mrs. Faraday and ho went to Switzerland, under 
the affectionate charge of her brother, Mr. George 
Barnard, the artist. This time of suffering- throws 
freah light upon his character. I have said that 
sweetness find gentleness were not its only consti- 
tuents; that he was also fiery and strong. At 
the time now referred to, his fire was low and his 
strength distilled away; but the residue of his life 
was neither irritability nor discontent. He was unfit 
to mingle in society, for conversation was a pain to 
him; hut let us observe the great Man-child when 
alone. He is at the village of Iutcrlakon, enjoying 
JungrVan sunsets, and at times watching the Swiss 
nailers making their nails. He keeps a little journal. 
in which he describes the process of naihntiking, and 
incidentally throws a luminous beam upon himself. 

' August 2nd, 1841.— Clout nailmaking goes on 
here rather considerably, and is a very neat and 
pretty operation to observe. I love a smith's shop 
and anything relating to smith ery. My failirr was 
a smith.' 

From Interlaken he went to the Falls of the Giess- 
bach, on the pleasant lake of Brientz. And here we 
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have him watching the shoot of the cataract down 

its scries of precipices. Tt is scattered into foam at 
the base of each, and tossed by its own recoil as 
water-dust through the air. The sun is at his back, 
shining on the drifting spray, and he thus describes 
and muses on what lie sees :— 

'August l%th, 1841.— To-day every fall was foaming 
from the abundance of water, and the current of 
wind brought down by it was in some places too 
strong to stand against. The sun shone brightly, 
and the rainbows seen from, various points were very 
beautiful. One at the bottom of a fine but furious 
fall was very pleasant, — there it remained motionless, 
whilst the gusts and clouds of spray swept furiously 
across its place and were dashed against the rock. 
It looked like a spirit strong in faith and stead fust 
in the midst of the storm of passions sweeping across 
it, and though it might fade and revive, still it held 
on to the rock as in hope and giving hope. And the 
very drops, which in the whirlwind of their fury 
seemed as if they would carry all away, were made 
to revive it and give it greater beauty.' 



)y Google 



„ Google 




Qy^~2-, 



Ho>«db» Google 



PARADAI AS A Dl^COVl- itJ-j It. 



MAniNirnzATiOK' op light. 

But we must quit the man and go on to the dis- 
coverer: we shall return for a brief space to his 
company by-and-by. Carry your thoughts bach to 
his last experiments, and see him endeavouring to 
prove that induction is due to the action, of con- 
tiguous particles. He knew that polarized light was 
a most subtle and delicate investigator of molecular 
condition. He used it in 1834 in exploring his elec- 
trolyi.es. and lie tried it in 15-33 upon his dielectrics. 
At that time lie coaled two opposite faces of a glass 
cube with tinfoil, connected one coating' with his 
powerful electric machine and the other with the 
earth, and examined by polarized light the condition 
of the glass when thus subjected to strong electric 
influence. He failed to obtain any effect, still he 
was persuaded an action existed, and required, only 
suitable means to call it forth. 

After his return from Switzerland ho was beset by 
these thoughts ; they were more inspired than logi- 
cal : but he resorted to magnets and proved his in- 
spiration true. His dislike of ' doubtful knowledge ' 
and his efforts 1 o liberate li Is mind from '.be thraldom 
of hypotheses have been already referred to. Still 
this rebel agalmst theory was incessantly theorizing 
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himself. His principal researches are all connected 
by an undercurrent of speculation. Theoretic ideas 
were the very sap of his intellect— the source from 
which all his strength as an experimenter was de- 
rived. While once sauntering with him through the 
Crystal Palace, at Sydenham, I asked liim what 
directed his attention to the magnetization of light. 
It was his theoretic notions. He had certain views 
regarding the unity and convertibility of natural 
forces; certain ideas regarding the vibrations of 
light and their relations to the lines of magnetic 
force; these views and ideas drove him to investi- 
gation. And SO it must always be : the great experi- 
mentalist must ever be the habitual theorist, whether 
or not he gives to bis tli.eor.ies formal enunciation. 

Faraday, you have been informed, endeavoured to 
improve the manufacture of glass for optical pur- 
poses. But though he produced a heavy glass of 
great refractive power, its value to optics did not 
repay him for the pains and labour bestowed on it. 
Now, however, we reach a result established by 
means of this same heavy glu.au, which made ample 
amends for all. 

In November, 181.5, he announced his discovery of 
the 'Mngneti/.ation of Light, and (lie Tllnniination of 
the Lines of Xaguetie Force.' This title provoked 
comment at the time, and caused misapprehension. 
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He therefore added an explanatory note ; but the 
note left his meaning as entangled as before. In 
fact Faraday had notions regarding the mngnelmi- 
tion of light which were peculiar to himself, and 

untranslatable into the scientific language- of the 
time. Probably no other philosopher of his day 
would have employed the phrases just quoted as 
appropriate to the discovery announced in 184-5. But 
Faraday was more than a philosopher; he was a 
prophet, and often wrought by an inspiration to be 
understood by sympathy alone. The prophetic (de- 
ment in bis character occasionally coloured) and even 
injured, the utterance of the man of science; but 
subtracting that element, though you might have 
conferred on him intellectual symmetry, you would 
have destroyed his motive force. 

But let ns pass from the label of this casket to the 
jewel it contains. ' I have long,' he says, ' held an 
opinion, almost amounting to conviction, in common, 
I believe, with many other Jovers of natural know- 
ledge, that the various forms under which the forces 
of matter are made manifest have one common 
origin; in other words, are so directly related and 
mutually dependent, that they are convertible, as it 
were, into one another, and possess equivalents of 
power iii their action. . . . This strong' persuasion.' 
he adds, 'extended to the powers of light.' And 
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then he examines the action of magnets upon light. 
From conversation with him and Anderson, I should 
infer that the labour preceding thin discovery was 
very great. The world knows little of "the toil of 
the discoverer. It sees the climber jubilant on the 
mountain top, but does not know the labour expended 
in reaching- it. Probably hundreds of experiments 
had been made on transparent crystals before he 
thought of testing his heavy glass. Here is his 
own clear and simple description of the result of 
his first experiment with this substance: — 'Apiece 
of this glass, about two inches square, and 0-5 
of an inch thick, having flat and polished edges, 
was placed as a d-ia-iw.tyunt-ic* between [\ia poles (not 
as yet magnetized by the electric current), so that 
the polarized ray should pass through its length; 
the glass acted as air, water, or any other trans- 
parent substance would do ; and if the eye-piece 
were previously turned into such a position that the 
polarized ray was extinguished, or rather the image 
produced by it rendered invisible, then the intro- 
duction of the glass made no alteration in this re- 
spect. In this state of circumstances, the force of 

* ' By a- (lia'tvtmvAi'u:' nay-i I'lirciduy. ' I n:i\m si body through which 
lines of magnetic L'tireti ill 1 ': Ki^i-ir-jr, in:il v.-liio'i t.'xi- not by their iii'timi 
nssmiio Hit i:rJ=.;;il r.v.igw tic stak' of iron or luiuls'.ono.' Bmiil:;}- «ul:- 
Ecqucuily ii;ol li-i-' Ut.u in a dill; iv::l juise IVjin tlmt ho;-e fvivMi, 
bh will immediately appear. 
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the electro -mag net was developed by sending an 
electric current through its coils?, and inniiedialely 
the image of the lamp-flame became visible, awl 
continued so a.s long as the arrangement continued 
magnetic. On stopping the electric current, and so 
causing the magnetic force to cease, the light in- 
stantly disappeared. These phenomena could be 
renewed at pleasure, at any instant of time, and 
upon any occasion, showing a perfect dependence of 
cause and effect.' 

In a beam of ordinary light the particles of the 
luitiimibrons ether vibrate in all directions perpen- 
dicular to the line of progression ; by the act ol'pola.r- 
i/.a.tiou, pe lie lined here by Faraday, all oscillation* 
but those parallel to a certain plane are eliminated. 
When the plane of vibration of the polarizer co- 
incides with that of the analyzer, a portion of the 
beam passes through both ; but when these two 
planes arts a.t right angles to each other, (he beam 
is extinguished. If by any means, while the po- 
larizer and analyzer remain thus crossed, the plane 
of vibration of the polarized beam between them 
could be changed, then tlie light would be, in part at 
least, transmitted. In Faraday's experiment this was 
accomplished. His magnet turned the plane of po- 
larization of tlie beam through a certain angle, and 
thus enabled it to get through the analyzer ; so 



)y Google 



84 FARADAY AS A DISCOVERER. 

that '"the magnetization of light and the illumina- 
tion of the magnetic lines oj" force 7 becomes, when 
expressed in the language of modern theory, the ro- 
tation of the plane of polarization. 

To him, as to all true philosophers, (lie main value 
of a fact was its position and suggest! von ess in the 
general sequence of seicn.ti.fic truth. Hence, having 
established the existence of a phenomenon, his hahit 
was to loot a,t it from all possible points of view, and 
to develop its relationship to other phenomena. Ho 
proved that the direction of the rotation depends 
upon the polarity of his magnet ; being reversed 
when the magnetic poles are reversed. He showed 
that when a polarised ray passed through his heavy 
glass in a direction parallel to the magnetic lines of 
force, the rotation is a maximum, and that when the 
direction of the ray is at right angles to the lines of 
force, there is no rotation at all. He also proved tliat 
the amount of the rotation is proportional to the length 
of the diamagnetic through which the ray passes. 
He operated with liquids and solutions. Of aqueous 
solutions he tried 150 and more, and found the power 
in all of them. He then examined gases ; but here 
all his efforts to produce any sensible action upon the 
polarized beam were ineffectual. He then passed 
from magnets to currents, enclosing bars of heavy 
glass, and tubes containing liquids and aqueous solil- 
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tions within an electro-magnetic helix. A current 

sent through the helix caused the plana of polari- 
zation to rotate, and always in the direction of tho 
cwrrent. The rotation was reversed when the current 
was reversed. In the ease of magnets, ho observed 
a gradual, though quick, ascent of the transmit tod 
beam from a state of darkness to its maximum bril- 
liancy, when the magnet was excited. In the case of 
currents, the beam attained at once its maximum. 
This he showed to be due to tlt-o time required by the 
iron of the electro-magnet to assume its frill magnetic 
power, which time vanishes when a current, without 
iron, is employed. ' In this experiment,' he says, ' we 
may, I think, justly say that a. ray of light is elec- 
trified, and the electric forces illuminated.' In the 
helix, as with ihe magnets, 'he submitted air to mag- 
netic influence 'carefully and anxiously,' but could 
not discover any trace of action on the polarized ray. 
Many substances possess the power of turning 
the plane of polarization without the intervention 
of magnetism. Oil of turpentine and quartz are 
examples ; but Faraday showed thai.-, while in one di- 
rection, that is, across the lines of magnetic force, his 
rotation is zero, augmenting gradually from this until 
it attains its maximum, when the direction of the ray 
is parallel to the lines of force ; in the oil of turpen- 
tine the rotation is independent of the direction of 
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the ray. But lie showed that, a still more profound 
distinction exists between the magnetic rotation and 
the natural one. I will try to explain how. Suppose 
a tube with glass ends continuing oil of turpentine to 
bo placed north and south, i'ixing the eye at the 
south end of the tuhe, let a polarized beam be sent 
through it from the north. To the observer in this 
position the rotation of the plane of polarization, by 
the turpentine, is vutht-kanih.il.. 'Lot the eye be placed 
at the north end of the tube, and a. beam bfi sent 
through ii, from the south ; the rotation is still right- 
handed. Not so, however, when a- bar of heavy glass is 
subjected to the action of an electric current. In this 
ease if, in the first position of the eye, the rotation be 
right- handed, in the second position it is lef t-hai i (J od . 
Tlu;se considerations make it manifest that if a polar- 
ized beam, after having passed through, the oil of 
turpentine in its natural, state, could, by any mean?, 
be reflected back through the liquid, the rotation 
impressed, upon the direct beam would be exactly 
neutralized by that impressed upon the reflected one. 
Not so with tire induced magnetic effect. Here it is 
manifest that the rotation would be doubled by the 
act of reflection. Hence Faraday concludes that 
the particles of the oil of turpentine which rotate by 
virtue oi' their natural force, and those which rotate 
in virtue of the induced force, cannot be in the same 
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conditio].]. TLe same renin r-h applies to nil bodies 
which possess a. natural power of rotating (lie plane 
of polarization. 

And then he proceeded with exquisite slcill and in- 
sight to tahe advantage of this conclusion. He sil- 
vered the ends of his piece of heavy glass, leaving, 
however, a narrow portion parallel to two edges dia- 
gonally opposed to each other n m silvered. He then 
sent his Loam through tins uncovered portion, and 
by suitably inclining his glass caused the beam 
within it to reach Iris eye, -first direct, and then after 
two, four, and six reflections. Those corresponded to 
the passage of the ray once, three times, rive times, 
a.iid seven times through the glass. He thus estab- 
lished with numerical a.ceura.cy the exact proportion- 
ality of the rotation, to the distance traversed by the 
polarized beam. Thus in one series of experiments 
where the rotation required by the direct beam was 
12°, that acquired by three passages through the 
glass was 3(> c , while that acquired by five passages 
was 60°. But even when this method of magnifying 
was applied, he failed with various solid substances 
to obtain any effect; and in the case of a.iv, though 
he employed to the utmost the power which these re- 
peated reflections placed in his hands, he failed to 
produce the slightest sensible rotation. 

These failures of Faraday to obtain the effect with 
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giisos, seem to indicate Hi o trues seat of the phonome- 
non. The luim'niferous other surrounds and is influ- 
enced by the ultimate particles of matter. The symme- 
try of the one involves that of the other. Thus, if the 
mu'eeules of a crystal be perfectly symmetrical round 
any lino through the crystal, we may safely conclude 
that a ray will pass along this line as through ordi- 
nary glass. It will not be doubly refracted. From 
the symmetry of the liquid figures, hnown to be pro- 
duced in the planes of freezing, when radiant heat is 
sent through ice, we may safely infer symmetry of 
aggregation, and hence conclude that the line per- 
pendicular to the planes of freezing is a line of no 
double refraction : that it is, in fact, the optic axis of 
the crystal. The same remark applies to ibe line join- 
ing the opposite blunt angles of a crystal of Iceland 
apar. The arrangement of the molecules round this 
line being symmetrical, the condition of the ether de- 
pending upon these molecules shares their symmetry; 
and there is, therefore, no reason why the wave- 
length should alter with the alteration of the azi- 
muth round this line. Annealed glass has its mole- 
cules symmetrically arranged round cvc\-y line that 
can be drawn through, it, ; hence it is not doubly re- 
fractive. But let the substance.be either squeezed or 
strained in one direction, the molecular symmetry, and 
with it the symmetry of the ether, is immediately 
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destroyed and the glass becomes doubly refractive. 
Unequal heating produces the same effect. Thus 
mechanical strains reveal themselves by optical 
effects ; and there is little doubt that in Faraday's 
experiment it, is ike viviipidit; drain. Unit, produces 
the rotation of the plane of polarization.* 



DISCOVERY OP DIAJrAGXETT.iM JiNSGAKCHES OS 
MA3NE-CKYSTALLIC ACTION.' 

Faraday's next great step in discovery was an- 
nounced in a memoir on the ' IMaguetie Condition 
of all Matter,' communicated to the lioyal Society 
on December IS, 1845. One great source of his 
success was the employment of extraordinary power. 
As already stated, he never accepted a negative 
answer to an experiment until he had brought to 
bear upon it all the force at his command. He had 
over and over again tried steel magnets and ordinary 

* The power of double refnu'l it):; e.u:\ IV ■ : ■ rid on the centre of a, glass 
rod, when it is ciiuHod to suv.nl t . . ..- fuudim-ioniai note duo l:> l1 ^ iongi- 
l^dinul vi'-: ration, and tin- ab; ( ji;:e of the tair.o power in tho ease of 
vi'-jraii::^ air (iv.a-!i)-!-.L in a svhiss orL;a::-:!ipe';, t reins to bo anal'.pv.-.s to 
Ilk- i ii -.11 oo ami ah~i.-i-L- of I'ara.diLV's eili^t in :.!'.« s:mo two sniisuiufcs. 

Faa'aday never, to my knowleilar, idieinptod to give, even in conver- 
sation, si- picture of tlie inohviilar eoadil km of his ! vv glm? when 

{i.Uiivi'iid to n-aiiL. <■:.':.■ hiHuenco. In a lmithemal iea! i::ves'l;;al ion of 
the smlijoet, published in the Proceedings of the Royal Society for 1850, 
Sir William ThomfOi arrives at the conclusion that tho ' di am ague tie' 
is in a state of ::ioleonlar rotation. 
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electro-magnets on various substances, but without 
detecting anything different from tie ordinary at- 
traction exhibited by a few of them. Stronger coer- 
cion, however, developed, a new action. Before the 
pole of an electro- magnet, he suspended a frag- 
ment of his famous heavy glass; and observed that 
when, the magnet was powerfully excited the glass 
fairly retreated from the pole. It was a clear case 
of magnetic ve-pv.hion. He then suspended a bar of 
the glass between two poles ; the bar retreated when, 
the poles were excited, and set its length cq>uitoriallii 
or at right angles to the Hue joining thorn. When 
an ordinary magnetic body was similarly suspended, 
it always set axudlij, that is, from pole to pole. 

Faraday called those bodies which were repelled 
by the poles of a magnet, diaiv/nju-uUa bodies ; using 
this term in a sense different from that in which he 
employed it in his memoir on the magnetization of 
light. The term magnetic he reserved for bodies 
which exhibited the ordinary attraction, lie after- 
wards employed the term magnetic to cover the whole 
phenomena of attraction and repulsion, and used the 
word iKiramo.ijiitiic to designate such, ji.uign.elic action 
as is exhibited by iron. 

Isolated, observations by Ihaigmanns, Becqnerel, le 
Baillif. Siiigy, and Reeheck, had indicated the exist- 
ence of a repulsive force exercised by the magnet on 



)y Google 



FARADAY AS A DISCOVERER. 91 

two or three substances ; but those elisor vat ions, 
which were unknown to Faraday, had been permitted 
to remain without extension or examination. Having 
laid hold of the fact of repulsion, Faraday imme- 
diately expanded and multiplied it. He subjected. 
bodies of the most various qualities to the action of 
his magnet :— mineral salts, acids, alkalis, others, 
alcohols, aqueous solution;', glass, phosphorus, resins, 
oils, essences, vegetable and animal tissues, and 
found them all amenable to magnetic influence. No 
known solid or liquid proved insensible to the mag- 
netic power when developed in sirflioieut shvagth. 
All the tissues of the human, body, the blood — though 
it contains iron — included, were proved to be dia- 
magnetic, So that if you could suspend a man 
between the poles of a magnet, his extremities would 
retreat from the poles uni.il bis length became equa- 
torial. 

Soon after he had commenced his researches on 
diainagnetisiu, Faraday noticed a. remarkable phe- 
nomenon which first crossed my own path in the 
following way: In the year 1849, while working in 
the cabinet of my friend. Professor Knoblauch, of 
M urburg, I suspended a small copper com between 
the poles of an electro-magnet. On exciting the 
magnet, the coin moved, towards the poles and then 
suddenly stopped, as if it had struck against a 
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cushion. On breaking the circuit, the coin was re- 
pelled, the revulsion being so violent as to cause it 
to spin several times round its axis of suspension. 

A 8ilhei'-ifi-08chm- simi laxly suspended exhibited the 
same deportment. For a moment I thought this a 
new discovery ; Imt on looking over the literature of 
the subject, it appeared that. Pa.ra.day had observed, 
multiplied, avid explained the same effect during 
his researched on diansagnetism. His explanation, 
was based upon, his own great discovery of magneto- 
electric currents. The effect is a most singular 
one. A weight of several pounds of copper may bo 
set spinning between the electromagnetic poles ; 
the excitement of the magnet iusi.aiii.ly stops the 
rotation. Though nothing is apparent to the eye, 
the copper, if moved in the excited magnetic field, 
appears to move through a. viscous fluid : while, when 
a flat piece of the metal is caused to pass to and fro 
like a saw between the poles, the sawing of the mag- 
netic field resembles the cutting' through of cbeese or 
butter.* This virtual friction of the ma.gnetic field 
is so strong, that copper, by its rapid rotation between 
the poles, might probably be fused. We may easily 
dismiss this experiment by saying that the heat ia 
due to the electric currents excited in the copper. 
Cut so long as wo are unable to reply to the question, 

* Sec Heat as ii Ik'ilc oi' Alu-liu;:, third edition, § 3G. 
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What is an cloctric current?' the explanation is 
only provisional. For my own part, I look with 
profound interest and hope on the strange action 
here referred to. 

Faraday's thoughts ran intuitively hito experi- 
mental combinations, so that subjects whose capacity 
for experimental, treatment would, to ordinary minds, 
seem to he exhausted in a moment, were shown by 
him to be all hut inexhaustible. He has now an 
object in view, the first step towards which is the 
proof that the principle of Archimedes is true of 
magnetism, lie forms iriii.gnel.ic solutions of various 
decrees of strength, places them between the poles 
of Ms magnet, inui suspends in the solutions various 
magnetic bodies. He proves that when the solution 
is stronger than the body plunged in it, the body, 
though magnetic, is repelled; and when an elongated 
piece of it is surrounded by the solution it sets, like 
■ i, diamagnetic hotly, equatoria.lly between the excited. 
poles. The same body when suspended in a solution 
of weaker magnetic power than itself, is attracted as 
whole, while an elongated portion of it sets axially. 

And now theoretic questions rush in upon him. 
Is this new force a true repulsion, or is it merely a 
differential attraction? Alight not the apparent re- 
pulsion of diamagnetic bodies be really due to the 
greater attraction of the medium by which they are 
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surrounded 9 Ho tries the rarefaction of air, but 
finds the effect in sen si bio. He is averse to ascribing 
a capacity of attraction to space, or to any hypothe- 
tical medium supposed to fill space. Ho therefore 
inclines, but still with caution, to the opinion that 
the action of a magnet upon bismuth is a true and 
absolute repulsion, and not merely the result of dif- 
ferential attraction. And thou he clearly states a 
theoretic view sufficient to account for the pheno- 
mena. 'Theoretically,' lie says, ' a.n explanation of 
the movements of the diauiagnotic bodies, and all 
the dynamic phenomena consequent upon the action 
of magnets upon them, might be offered in the sup- 
position that magnetic induction caused in them a 
contrary state to that which it produced in ordinary 
matter.' That is to say, -while in ordinary magnetic 
influence the exciting pole excites adjacent to itself 
the contrary magnetism, in diauiarrnetie bodies the 
adjacent magnetism is the same as that of the 
exciting pole. This theory of reversed polarity, 
however, does not appear to have ever laid deep 
hold of Faraday's mind ; and his own experiments 
failed to give any evidence of its truth. He there- 
fore subsequently abandoned it, and maintained the 
non-polarity of the diainagnetic force. 

He then entered a new, though related Held of in- 
quiry. Having dealt with the metals and their coui- 
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pounds, and having classihed nil of them that came 
within the range of his observation under the two 
heads magnetic and diamiignetic, ho began the in- 
vestigation of the phenomena presented by crystals 
when subjected to magnetic power. The action of 
crystals had been in part theoretically predicted by 
Poisson,* and actually discovered by i'lucker, whoso 
bea.utifid results, at the period which we have now 
reached, profoundly interested all scientific men. 
Faraday had been frequently puzzled by the deport- 
ment of bismuth, a highly crystalline! metal. Some- 
times elongated .masses of the substance refused to 
set equatoriall.y. sometimes they set persistently ob- 
lique, and sometimes even, lite a magnetic body, 
from pole to polo. 'The effect,' he says, 'occurs 
at a single pole ; and it is then striking to observe 
along piece of a substance so diamngnetie as bismuth 
repelled, and yet: at the same moment set round with 
force, axially, or end on, as a. piece of magnetic, sub- 
stance would do.' The effect perplexed him; and 
in his efforts to release himself from, this perplexity, 
no feature of this new manifestation of force escaped 
his attention. His experiments arc described in a 
memoir communicated to (lie Eoyal Society on De- 
cember 7, 1848. 

I have worked long myself at magne-crystal'lic 

* See Sir Win. Thomson o;: ALagiH'-iTydUillLc A^rion. I'M. Mag. 1861, 
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action, amid all the light of Faraday's and. Fliieher's 
researches. The papers now before me were objects 
of daily and nifi'lilly study with me eighteen or nine- 
teen years ago: but even how, though their perusal 
is but the last of a series of repefii ions, they astonish 
me. Every circumstance connected with the sub- 
ject; every sha.de of deportment; every variation in 
the energy of the action ; almost every application 
which could possibly be made of magnetism to bring 
out in detail the character of this new force, is 
minutely described. The field is swept clean, and 
hardly anything experimental is left for the gleaner. 
The phenomena, he concludes, are altogether dif- 
ferent from those of magnetism or diaimigiietism : 
they would, appear, in fact, to present to us ' a new 
force, or a new form of force, in the molecules of 
matter,' which, for convenience sake, he- designates 
by a new word, as 'the miitjae-rrydoJlia force.' 

He looks at the crystal acted upon by the magnet. 
From its mass he passes, in idea, to if s atoms, and ho 
risks himself whether the power which can thus seize 
upon the crystalline molecules, after they have been 
fixed in their proper positions by crystallizing force, 
may not, -when they are free, be able to determine 
their arrangement? He, therefore, liberates the 
atoms by fusing the bismuth. He places the fused 
substance between the poles of an electro-magnet, 
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powerfully excited ; but lie: fails to detect any action. 
I think it cannot be doubted that an action is exerted 
here, that a true cause comes into play : but its mag- 
nitude is not such as sensibly to interfere with the 
force of crystallization, which, in comparison with 
the diamngnetic force, is enormous, 'l'erhaps.' adds 
Faraday, ' if a longer time were allowed, and a per- 
manent magnet used, a belter result might be ob- 
tained. I had built many hopes upon the process/ 
This expression, and his writings abound in such, il- 
lustrates what has been already said regarding his ex- 
periments being suggested and guided by his theoretic 
e once pilous. His mind was full of hopes and hypo- 
theses, but he always brought them to an experi- 
ment;!! test. The record of.' his planned and executed 
experiments would, I doubt not, show a high ratio 
of hopes disappointed to hopes fulfilled; but every 
case of fulfilment abolished all memory of defeat; 
disappointment was swallowed up in \dctory. 

After the description of the general character of 
this new force, Faraday states with the emphasis 
here reproduced its mode of action: 'The law of 
action appears to be that the line or axis of magne- 
CBYSTALLlc/hi'M (Items;- the resultant of the action of 
all the molecules) tends to -jfucc ■■■■'.-■■ '.''.■■"' raliel, or as a 
fci.v.'jr.rd, to the magnetic curve, or line- of -Magnetic force, 
fia*,iViiti through the j'lloce where the crijatal -is sliuo. led.' 
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The magite-c.rystaH.ic force, moreover, appears to 
hiin 'to be cleaily distinguished fiwi the magnetic 
or diamagnetic forces, in that it causes neither 

approach nor recession, consisting' not in attraction 
or repulsion, but in giving a certain determinate 
position to the mass under its influence.' And then 
he goes on ' very carefully to examine and prove the 
conclusion that there was no connection of the force 
with attractive or repulsive mil nonces.' With the 
most refined ingenuity lie shows that, under certain 
circumstances, the niagne-cry stall ic force can cause 
the centre of gravity of a highly magnetic body to 
retreat-, from the poles, and the centre of gravity of a 
highly diamagnetic body to approach them. His 
_.>,periments root his mind more and more firmly in 
the conclusion that it is 'neither attraction nor re- 
pulsion causes the set, or governs the final position 1 
of the crystal in the magnetic Hold, That the force 
which doessoisthcrefo.ro 'distinct in its character 
and effects from the magnetic and diamagnetic forms 
of force. On the other hand.' lie continues, ' it has 
a most manifest relation to the crystalline structure 
of bismuth and other bodies, and therefore to the 
power by which their molecules are able to build up 
the crystalline masses.' 

And here follows one of those expressions which 
characterize the conceptions of Faraday in regard to 



)y Google 



FARADAY AS A DISCOVERED. \)V 

ibrce generally: — 'It appears to me impossible to 
conceive of the results in any other way than by a 
mutual reaction, of the magnetic Ibrce, ami the force 
of the particles of the crystal upon each other.' He 
proves that the action of the force, though thus 
molecular, is an action at a distance; he shows that 
a bismuth crystal can cause a freely suspended mag- 
netic needle to set parallel to its magne-erystalJio 
axis. Few living- men are aware of the difficulty of 
obtaining results like this, or of the delicacy neces- 
sary to their attainment. ' But though it thus takes 
up the character of a force acting at a. distance, still 
it is due to that power of the particles which makes 
them cohere in regular order and gives the mass its 
crystalline- aggregation, which we call at other times 
the attraction of aggregation, and so often speak of 
as acting at riisx-iuUiU distances.-' Tims lie broods 
over this new force, and looks at it from all possible 
points oriaspection. Experiment follows experiment, 
a.s thought follows thought. He will not relinquish 
the subject as long as a hope exists of throwing more 
light upon it. He knows full well the anomalous 
nature of the conclusion to which his experiments 
lead him. But experiment to him is final, and he 
will not shrink from the conclusion. ' This force,' 
he says, ' appears to me to he very strange and 
Utriking in its character, it is not polar, for there 
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h no attraction or repulsion.' And then, a,3 if startled 
by his own utterance, lie asks — - What is the nature 
of the mechanical force which turns the crystal 
round, anil makes it affect a magnet ? ' . . . 'I 
do not remember,' ho continues, ' heretofore such a 
case of force as the present one, where a body is 
brought Into position only, without attraction or re- 
pulsion.' 

Pliieker, the celebrated geometer already men- 
tioned, 'who pursued experimental physics for many 
years of his life with singular devotion and suc- 
cess, visited Faraday in those days, and repeated 
before liiiu his beautiful experiments on magneto- 
optic action. Faraday repeated and verified PI ticker's 
observations, aitd concluded, what he at first seemed 
to doubt, that Pliickert; results and magne-erysta.Ilie 
action had the same origin. 

At the end of his papers, when he takes a last look 
along the line of research, and then turns his eyes to 
the future, utterances quite as imiclv emotional as 
scientific escape, front Faraday. 'I cannot,' he says, 
at the end of his first paper on magne-erystallie 
action, ' conclude this scries of researches without 
remarking' how rapidly the knowledge of molecular 
forces grows upon us, and how strikingly every in- 
vestigation tends to develop more and more their 
importance, and their extreme attraction as an. object 
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of study. A few years ago magnetism was to us an 
occult power, '.effecting only a few todies, now it ia 
found to influence all todies, and to possess the most 
intimate relations with electricity, heat, chemical 
action, light, crystallization, find through it, with the 
forces concerned in cohesion; and we may, in the 
present state of things, well feel urged to continue in 
our labours, encouraged by the hope of bringing' it 
into a bond of union with gravity itself.' 



STJPPLEMEBTAKY REMARKS. 

A brief space will, perhaps, be granted me here to 

slate the further progress of 'an investigation which 
interested Faraday so much. Drawn by the fame of 
Bunsen as a teacher, in the year 1848 I became a 
student in (lie University of 3farburg, In Hesse Cassei. 
Bunsen behaved to me as a brother as well as a 
teacher, and it was also my happiness to make the 
acquaintance and gain the friendship of Professor 
Knoblauch, so highly distinguished by his researches 
on Radiant Heat. Flueker's and Faraday's investi- 
gations idled all minds at the time, and towards (he 
end of 1849. Professor Knoblauch and myself com- 
menced a joint investigation of the entire question. 
Long disci} >ilne was necessary to give us due mastery 
over it. Employing a method proposed by Dove, we 
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examined the optical properties of our crystals our- 
selves; and these optical observations went hand in 
hand with our magnetic experiments. The number of 
these experiments was very great, but for a consider- 
able time no tact of importance was added to those 
already published At length, however, it was our 
fortune to meet with various crystals whose deport- 
ment could, not be "brought, under the laws of magne- 
eryslallie action enunciated by Pliicker. We also 
discovered instances which led us to suppose that the 
magne-crystallie force was by no means independent, 
as alleged, of iLe magnetism, or diauiagnensm of tbe 
mass of the crystal. Indeed, the more we worked at 
the subject, the more clearly did it appear to us that 
the deportment of crystals in the magnetic held was 
due, not to a force previously unknown, but to the 
modification of the known forces of magnetism and 
dia.magnetism by crystalline aggregation. 

An eminent example of mague-erystallic action ad- 
duced by Pliicker and experimented on by Faraday, 
was Iceland spar. It is what in optics is called a 
ne.yahve crystal, and according to the law of Pliicher, 
the axis of such a crystal was always repelled by a 
magnet. But we showed that it was only necessary 
to substitute, in wdiolo or in part, carbonate of iron 
for carbonate of lime, thus changing the magnetic, 
"bat not the optical character of the crystal, to cause 
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the axis to be attracted. That the deportment of 

magnetic crystals in oxa.ct.ly antithetical to that of 
diamagnetic crystals isoniorphous with the magnetic 
ones, was proved to be a general law of action. In 
all eases, the line which in a diamagnetio-erystal set 
oquatoriaiiy, always set itself in an isomorjdions mag- 
netic crystal axially. By mechanical compression 
other bodies were also made to imitate the fcela.nd 



These and numerous other results hearing upon 
the question were published at the time in the ' Phi- 
losophical ilagaziee : and in 'PoggemlofFs Annalen;' 
and the investigation of diainiignetbmi and ma.gnc- 
e i' y stall; e action was subsequently continued by me 
in the laboratory of Professor Magnus of Berlin. In 
December, 1851, after I had quitted Germany, Dr. 
Pence Jones went to the Prussia,)! capital to see the 
celebrated experiments of Du Hois Ecyinoud ; and in- 
fluenced, I suppose, by what he heard, he afterwards 
invited me to give a .Friday evening discourse at the 
Royal Institution. I consented, not without fear and 
h-emb'.Un ;>■. "for the i'oyal Institution was to me a kind 
of dragon' 3 den, where tact and strength would be 
necessary to save me from destruction. On February 
11, 1853, the discourse was given, and it ended hap- 
pily. I allude to these things, that T may mention 
that though my aim and object in that lecture way 
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l.o subvert the notions both of Faraday and Pliicker, 
and "to establish hi opposition to their views what 
1 regarded as the truth, it was very flu- from pro- 
ducing in Faraday cither enmity or anger. At "the 

conclusion of the lecture, he quitted his ace us to: tied 
.seat, crossed the theatre to the corner into which I 
had shrunk, shook me by the hand, and brought me 
back to the table. Once move, subsequently, and in 
connection with a related question, I ventured to 
differ from him still more emphatically. It was 
done out of trust in the greatness of his character; 
nor was the trust misplaced. He felt my public 
dissent from him; and it pained me afterwards to 
the quick to think that X had given him even mo- 
mentary annoyance. It was, however, only momen- 
tary. His soul was above all littleness and proof to 
all egotism. He was the same to me afterwards that 
he had been, before; the very chance expression which 
led me to conclude that lie felt my dissent, being one 
of kindness and affection. 

It required long subsequent effort to subdue the 
complications of magmvcrystnllie action, and to 
bring under the dominion, of elementary principles 
the vast mass of facts which the experiments of 
Faraday and Pliicker had brought to light. It was 
proved by Reich, Iklmond Becquerel, and myself 
that the condition of diainagnetie bodies, in virtue of 
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which they were repelled by the poles of a magnet, 
was excited in them by those polos ; that the strength 
of tins condition rose and fell with, and was propor- 
tional to, the strength of the a.etiug magnet. It was 
not then any property possessed permanently by the 
bismuth, and which merely required the development 
of magnetism to act upon it, that caused the repul- 
sion ; for then the repulsion would have been simply 
proportion: tl to the strength of the influencing mag- 
net, whereas experiment proved it to augment as the 
square of the strength. The capacity to be repelled 
wa.s therefore not inherent in the bismuth, but in- 
duced. So far an identity of action was esialili.-hd 
between magnetic and diamagnetie bodies. After 
this the deportment of magnetic bodies, ' normal ' 
and 'abnormal'; crystalline, amorphous, and com- 
pressed, was compared with that of ciystalU.iu', 
amorphous, and compressed di.amagnetic bodies ; and 
by a series of experiments, executed in the laboratory 
of this Institntion, the most complete antithesis was 
established between magnetism arid diamag:u.'t ism. 
This antithesis embraced the quality of polarity, — the 
theory of reversed polarity, first propounded by Para- 
day, being proved to be true. The discussion of the 
question was very brisk. On the Continent. Professor 
Wilhehn Weber was the ablest and most successful 
supporter of Ibe doctrine of diat.nagnetic polarity; 
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and it was with an apparatus, devised by him and 
constructed under his own superintendence, by Leyser 
of Leipzig, that the last demands of the opponents 
of diamagnetie polarity were satisfied. The es- 
la.brisbment of this point was absolutely necessary 
to the explanation of mague-crystallic action. 

With that admirable instinct which always guided 
him, Faraday had seen that it was possible, if not 
probable, that the diamagnetie force acts with dif- 
ferent decrees of intensity in differeid direct i (.ins, 
through the mass of a crystal. In hia studies on 
cleclricity, ho had sought an experimental reply to 
the question whether crystalline bodies had not dif- 
ferent specific mclnctn'e capacities in different direc- 
tions, but he failed to establish any difference of the 
kind. His first attempt to establish differences of 
diamagnetie action .in different directions through 
bismuth, was also a failure ; but he must hare felt 
this to be a point of cardinal importance, for he 
returned to the subject in 1850, and proved that 
bismuth was repelled with different degrees of force 
in different directions. It seemed as if the crystal 
were compounded of two diamagnetie bodies of dif- 
ferent strengths, the substance being .more strongly 
repelled across the m ague-cry shillic axis than along 
it. The same result was obtained independently, and 
extended to various other bodies, magnetic as well <ta 



)y Google 



FARADAY AS A DISCOVERER. 107 

tiki magnetic, and also to compressed substances, a 
little subsequently by myself. 

The law of action in relation to this point is, that 
in diamagnetic crystals, the line along which the 
vo puis ion is a maximum, sots eouatorially in the 
niiigiLCtic field; while in magnetic crystals the line 
along whicli. the nt traction is a maximum sots from 
pole to pole. Faraday had said that the magne- 
crystallio force was neitber attraction nor repulsion. 
Thus far he was right. It was neither tnl;en singly, 
but it was both. By the combination of the doctrine 
of diamagnetic polarity with these differential at- 
tractions and repulsions, and by paying due regard 
to the character (.if the magnetic held, every fact 
brought to light in the domain of magne- crystal lie 
action received complete explanation. The most 
perplexing of those, facts were shown to result 
from the action of mechanical couples, which the 
proved polarity both, of magnet ism and diauiagnetism 
brought into play. Indeed, the thoroughness with 
which the experiments of Faraday were thus ex- 
plained, is the most striking possible demonstration 
of the marvellous precision with which they were 
executed. 
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MAGNETISM OF FLAME AND GASEd — ATMOSPIXEKIO 
MAGNETISM. 

When an experimental result wag obtained by 

Faraday it was instantly enlarged by bis imagina- 
tion. I an) acquainted with no mind whose power 
and suddenness of expansion at the touch of new 
physical truth eonld be ranted with his. Sometimes 
I have compared the action of his experiments on 
his mind to that of highly combustible matter thrown 
into a furnace ; every fresh entry of fact was accom- 
panied by the immediate development of light and 
heat. The light, which was intellectual, enabled 
him to see far beyond the boundaries of the fact 
iiself, and the heat, which was emotional, urged him 
to the conquest of this newly-revealed domain. But 
though the force of his imagination was enormous, 
be bridled it like a mighty rider, and never permitted 
his intellect to be overthrown. 

In virtue of the expansive power which his vivid 
im ;i filiation conferred upon him, he rose from tho 
smallest- beginnings to the grandest ends. Raving 
heard from Zantedeschi that Bancalari had esta- 
blished the magnetism of name, he repeated the 
experiments and augmented the results. Tie passed 
from flames to gases, examining and revealing their 
magnetic and dinning no lie powers ; and then he sud- 
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denly rose from his bubbles of oxygen and nitrogen 
to the atmospheric envelope of (lie earth itself, and its 
relations to tlio grout question of terrestrial magne- 
tism. The rapidity with which these ever- augment- 
ing thoughts assumed the form of experiments is 
unparalleled. TTis power in (his respect, is often best 
illustrated by Iris minor invest! gallons, and, perhaps, 
by none more strikingly than by his paper ' On the 
Dili magnetic Condition of Flame and Gases/ pub- 
lished as a letter to Mr. Richard Taylor, in the 
' Philosophical Magazine ' for December, 1847. 
After verifying", varying, and expanding the re- 
sults of Bancalnri, he submitted to examination 
boated air-currents, produced by platinum spirals 
placed in the magnetic field, and raised to incan- 
descence by electricity. He then examined the 
magnetic deportment of gases generally. Almost 
all of these gases are invisible ; but he must, never- 
theless, track them in their unseen courses. He 
could not effect this by mingling smoke with his 
gases, for the action of his magnet upon, the smoke 
would have troubled his conclusions, lie, then.' fore, 
' caught ' his gases in tubes, carried, them out of the 
magnetic field, and made them reveal themselves at 
a distance from the magnet. 

Immersing one gas in another, he determined 
their differential action ; results of the utmost: beauty 
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being thus arrived at. Perhaps the most impor- 
tant' arc those obtained with atmospheric air and 
its two constituents. Oxygen, in various media, 
was strongly attracted "by the magnet; in coal-gas, 
for example, it was powerfully magnetic, whereas ni- 
Irotjen was dianmgnetic. Some of the effects obtained 
with oxygen in coal-gas were strikingly bountiful. 
When the fames of chloride of ammonium (a diamag- 
netic substance) were mingled with the oxygen, the 
cloud of chloride behaved in a most singular' maimer. 
■ — -'The attraction of iron filings,' says Faraday, 'to 
a. magnetic pole is not more striking than the ap- 
pearance presented by the oxygen under these cir- 
cumstances.' 

O.n observing this deportment the question imme- 
diately occurs to him, — can we not separate the 
oxygen of the atmosphere from il.s nitrogen by mag- 
netic analysis? It is the perpetual occurrence of 
such questions that marlcs the great experimenter. 
The attempt to analyze atmospheric air by magnetic 
force proved a failure, like the previous attempt to 
influence crystallization by the magnet. The en- 
normous comparative power of the force of crystal- 
lization was then assigned as a reason for the in- 
competence of the magnet to determine molecular 
arrangement; in the present instance the magnetic 
analysis is opposed by the force of diffusion, which is 
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a.lso very strong comparatively. The same remark 
applies to, mid is illustrated by, another experiment 
subsequently executed by Faraday. Water is dia- 
ma.gnetic, sulphate of iron strongly magnetic. He 
enclosed ' a dilute solution of sulphate of iron in a 
tube, and placed the lower end of the tube between 
the poles of a powerful horseshoe magnet for days 
together,' but he could produce ' no concentration of 
the solution in the part near the magnet.' Here also 
the difi'iisibility of the salt was too powerful for the 
force hrouglit against it. 

The experiment last referred to is recorded in a 
paper presented to the Royal Society on the 2nd 
August, 1850, in which he pursues the investigation of 
the magnetism of gases. Xewtoivs observations on 
soap-bubbles were often referred to by Faraday. His 
delight in a, soap-bubble was like that of a boy, and 
he often introduced them in his lectures, causing 
them, when filled with air, to float on invisible seas 
of carbonic acid, and otherwise employing them as a 
means of illustration. He now finds them exceed- 
ingly useful in his experiments on the magnetic con- 
dition of gases. A bubble of air in a magnetic held 
occupied by air was unaffected, save through the feeble 
repulsion of its envelope. A bubble of nitrogen, on 
the contrary, was repelled from the magnetic axis 
with a force far surpassing that of a bubble of air. 
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The deportment of oxygen in air ' was very impres- 
sive, the bubble being- pulled inward, or towards the 
axial line, sharply and suddenly, as if the oxygen 
were highlv magnetic.' 

He next labours to establish the true magnetic 
zero, a problem not so easy as might at first 
sight be imagined. For the action of the magnet 
upon any gas, -while surrounded by air, or any other 
gas, can only be differential; and if the experiment 
were made in vacuo, the action of the envelope, in 
this case necessarily of a certain thickness, would 
trouble the result. "While dealing with this sub- 
ject, Faraday makes some noteworthy observations 
regarding space. In reference to the Torricellian 
vacuum, lie says, ' Perhaps it is hardly necessary for 
me to state that I find both iron and bismuth in 
such vacua perfectly obedient to the magnet. From 
such experiments, and also from general observations 
and knowledge, it seems manifest that the lines of 
magnetic force can traverse pure space, just as gravi- 
tating force docs, and a.s statical electrical forces do, 
and therefore space has a magnetic relation of its 
own, and one that we shall probably find hereafter 
to be of the tt! most importance in natural phenomena. 
But this character of space is not of the same kind 
as that which, in relation to matter, we endeavour to 
express by the terms magnetic and diamagnetic. To 
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iwnfuse these together would be to confound space 
with matter, and to trouble all the conceptions by 
which we endeavour Lo understand and work out a 
progressively clearer view of the mode of action, and 
the laws of natural forces. It would be as if in 
gravitation or electric forces, one wore to confound 
the particles acting on each other with the .space 
across which, they are acting, and would, I think, 
shut the door to advancement. Mere space cannot 
act as matter acts, even though the utmost latitude 
be allowed to the hypothesis of an ether ; and admit- 
ting that hypothesis, it would be a large additional 
assumption to suppose that the lines cf magnetic 
force are vibrations carried on by it, whilst as yet we 
have no proof that time is required for their propa- 
gation, or in what respect they may, in. general cha- 
racter, assimilate to or differ from the respective lines 
of gravitating, luiimuferons, or electric forces.' 

Pure space he assumes to be the true magne- 
tic zero, but he pushes his inquiries to ascertain 
whether among material substances there may not 
be some which resemble space. If you follow his 
experiments, yon will soon emerge into the light of 
his results. A torsion beam was suspended ~hy a 
skein of cocoon silk ; at one end of the beam was 
fixed a cross-piece 1£ inches long. Tubes of exceed- 
ingly thin gla^s. filled with various gases, and. herme- 
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tic-ally scaled, were suspended in pairs from tlie two 
anils of the cross-piece. The position r>J' the rotating 
torsion-head was such that the two tubes -were at 
opposite sides of, and ecpiidisia.nt from, the magno(ic 
axis, that is to say from the line joining' the two 
closely approximated polar points of an electro mag- 
net. His object was to compare the magnetic action, 
of the gases in the two tubes. When one tube was 
filled with oxygen, and the other with nitrogen, on 
the supervention of the magnetic force, the oxygen 
was pulled towards the axis, the nitrogen being- 
pushed out. By turning the torsiou-liea.d they could 
be restored to their primitive posit to u of equidistance, 
where it is evident the action of the glass envelopes 
was annulled. The amount of torsion necessary 
to re-establish oqui-distanee expressed (he mngnd-ic 
difference of the substances compared. 

And then he compared oxygen with oxygen at 
different pu-essures. One of his tubes contained the 
gas at the pressure of 30 inches of mercury, another 
at a pressure of 15 inches of mercury, a third at a 
pressure of 10 inches, while a fourth was exhausted 
as far as a good air-pump renders exhaustion pos- 
sible. 'When the first of these was compared with 
the other three, the effect was most striking.' It 
was drawn towards the axis when the magnet was 
excited, the tube containing the rarer gas being 
apparently driven away, and the greater the differ- 
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encc between the densities of the two gases, the 
greater was the energy of tins action. 

And now observe his mode of reaching a material 
mil p.™ 'tie zero. When a bubble of nitrogen was 
exposed in air in the magnetic field, on the super- 
vention of the power, the bubble retreated from the 
magnet. A less acute observer would have set nitro- 
gen down as diamagneUe : but. Faraday knew that re- 
treat, in a medium, composed in part of oxygon, might 
be due to the attraction of the latter gas, instead of 
to the repulsion of the gas immersed in it. But if 
nitrogen be really dianiagneiic, then a, bubble or bulb 
filled with the dense gas will overcome one tilled 
with the rarer gas. From the cross-piece of bis tor- 
sion-balance he suspended his bulbs of nitrogen, at 
equal distances from the magnetic axis, and found 
that the rarefaction, or the condensation of the gas 
in either of the bulbs had not the slightest influence. 
When the- mn.gn.otie force was developed, the bulbs 
remained in their first position, even when one was 
fitted with nitrogen, and the other as far as possible 
i-A-'i,".aUd, Nitrogen, in fact, acted c libe spa.ee it- 
self;' it was neither .magnetic nor diamagnetic. 

He cannot conveniently eonipa.rc the paramagnetic 
force of oxygen with iron, in consequence of the 
exceeding ina<>;noi ic intensity of the latter substance ; 
bat he does compare it with the sulphate of iron, 
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and finds thai, bulk for bulk-, oxygen is equally mag- 
netic with a solution of this substance in water 
' containing seventeen times the weight of the oxy- 
gen in crystallized proto- sulphate of iron, or 3*4 times 
its weight of metallic iron in that slate of combina- 
tion,' By its capability to deflect a line glass fibre, 
he finds that the attraction of his bulb of oxygen, 
containing only - 117 of a grain of the gas, at an 
average distance of more than an inch from the 
magnetic axis, is about equal to the gravitating 
force of the same amount of oxygen as expressed by 
its weight. 

These facts could not rest for an instant in the 
mind of Faraday without receiving' that expansion to 
which I have already referred. ' It is hardly neces- 
sary,' he writes, 'for me to say here that this oxygen 
cannot exist in the atmosphere exerting such a re- 
markable and high amount of magnetic force, with- 
out having a most important influence on the dis- 
position of the magnetism of the earth, as a piano t : 
cspcciall/, if it be remembered that its magnetic 
condition is greatly altered by variations of its 
density and by variations of its temperature. I think 
I see here the real cause of man/ of the variations 
of that force, which have been, and are now so care- 
fully watched on different parts of the surface of the 
globe. The daily variation, and the annual variation. 
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both seem likely to come under it ; also very many 
of the irregular conliuual variations, which tlio pho- 
logra.phic process of.' record renders so beautifully 
in an if est. If such expectations lie confirmed, and 
the influence of the atmosphere be found able to 
produce results like these, then we shall probably 
find a new relation between the aurora borealis and 
the magnetism of the earth, namely, a relation esta- 
blished, more or less, through the air itself in con- 
nection with the space above it ; and even magnetic 
relations and variations, which are not as yet sus- 
pected, may be suggested arid rendered manifest and 
measurable, in the farther development of what I 
will venture to call. A!iii.o*jih< ,-!<■ }h"ji-i 'itm. I may 
be over-sanguine in these expectations, but as yet I 
am sustained in them by the apparent reality, sim- 
plicity, and sufficiency of the cause assumed, as it at 
present appears to my mind. As soon as I have 
submitted these views to a close consideration, and 
the test of accordance with observation, and, where 
applicable, with experiments also, I will do myself 
the honour to bring them before the i'.oyal Society.' 

Two elaborate memoirs are then devoted to the 
subject of Atmospheric jLagnetb-nt ; the first sent to 
the Royal Society on the 9th of October, and the 
second on the 19th of November, 1850. In these 
memoirs lie discusses the effects of heat and cold 
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upon the magnetism of the air, and the action oi.s 
the magnetic needle, which must result from thermal, 
changes. By the convergence and divergence of the 
lines of terrestrial magnetic force, lie shows how the 
distribution of magnetism, in the earth's atmos- 
phere, is affected. He applies his results to the ex- 
planation of the Annual a.ndof the Diurnal Variation : 
he also considers irregular variations, including the 
action of magnetic storms. He discusses, at length, 
the observations at St. Petersburg, (.Ireenwich, Ho- 
barton, St. Helena, Toronto, and the Cape of Good 
Hope; "believing Licit the facta, revealed by his ex- 
periments, furnish the key to the variations observed 
at all these places, 

In the year 1851, I had the honour of an interview 
with Humboldt, in Berlin, and bis parting words to 
me then were, 'Tell Faraday that I entirely agree 
with him, and that he lias, in my opinion, completely 
explained the variation, of the declination.' Eminent 
men. have since informed me that Humboldt was 
hasty in expressing this opinion. In fact, Faraday's 
memoirs on atmospheric magnetism lost much of 
their force — perhaps too much— -through the impor- 
tant discovery of the relation of the variation of the 
declination to the number of the solar spots. But I 
agree with him and M. Edmond Beoquerel, who 
worked independently at this subject, in thinking, 



)y Google 



FAKADAY AS A DISCOVERER. 119 

that a. body so magnetic as oxygen, swathing the 
earth, and subject to variations of temperature, diur- 
nal and annual, must affect the manifestations of 

terrestrial magnetism.* The air that stands upon a 
single square foot of tire earth's surface is, according 
to Faraday, equivalent in magnetic force to 8160 lbs. 
of crystal l.i/.ed proLosul.phate of iron. Such a sub- 
stance cannot be absolutely neutral as regards the 
deportment of the magnetic needle. But Faraday's 
writings on this subject are so voluminous, and the 
theoretic points are so novel and intricate, that I 
shall postpone the complete analysis of these re- 
searches to a time when! can lay hold of them more 
completely than my other duties allow me to do now. 

SPECULATIONS : NATURE OP MATTEB : LIXES OP 
rOffiOB. 

The scientific picture of.' Faraday would not be com- 
plete without a reference to his speculative writings. 
On Friday, January 10, 1844, he opened the weekly 
evening -meetings of the It oval Institution by a dis- 
course entitled ! A speculation touching Electric 
Conduction and the nature of Matter.' In this dis- 
course he not only attempts the overthrow of Dalton's 
Theory of Atoms, hut also the subversion of all ordi- 

* This persuasion luis ;.n:rn L;:e:!i'y stiun^llic^cd by the recent perusal 
of a paper by Mr. Baxendell 
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nary scientific ideas regarding' the nature and rela- 
tions of Matter and Force. lie objected to the use of 
the term atom : — ' I have not yet found a mind, 5 he 
says, 'that did habitually separate it from its accom- 
panying temptations!; and there can he no doubt that 
the words definite proportions, equivalent, primes. 
&C, which did and do fully express all the facts of 
what is usually called the atomic theory in chemistry, 
were dismissed hecausc they were not expressive 
enough, and did not say all that was in the mind of 
1 im who used Hie word atom jji their stead. 5 

A moment will be granted me to indicate iiij own 
view of Faraday - :; position here. The word ' atonr 
was not used in the stead of definite proportions, 
equivalents, or primes. These terms represented 
facts that followed from, hut were not equivalent 
to, the atomic theory. Facts cannot satisfy the 
mind: and the law of definite combining proportions 
being once established, the question s why should 
combination tahe place according to that law?' is 
inevitable. Dalton answered this question by the 
enunciation of the Atomic Theory, the funda- 
mental idea of which is, in my opinion, per- 
fectly secure. The objection of Faraday to Dalton, 
might be urged with the same substantial force 
agii.inst Newton: it might he stated with regard to 
the planetary motions that the laws of Kepler re- 
sealed the facts i that the introduction of the prin- 
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ciple of gravitation was an addition to the facts. 
But this is the essence of all theory. The theory is 
the backward guess from fact to principle; the con- 
jecture, or divination regarding something, which 
lies behind the /'acts, and from which they flow in 
necessary sequence. If Jhilton's theory, then, ac- 
count for the definite proportions observed in the 
coin bi nations of chemistry, its justification rests upon 
the same basis as that of the principle of gravi- 
tation. All that can in strictness he said in either 
case is that the facta occur as if the principle 
existed. 

The manner in which Faraday himself habitually 
deals with his hypotheses is revealed in this lecture. 
He incessantly employed the.m to gain experimental 
ends, but he incessantly took them down, as an ar- 
chitect removes the scaffolding- when the edifice is 
complete. ! I cannot but doubt,' he says, ' that he who 
as a mere philosopher has most power of penetrating 
the secrets of nature, and guess ivy hy hypothesis at 
her mode of working, will also be most careful for 
his own safe progress and that of others, to distin- 
guish the knowledge vihieh. consists of assumption, 
by which I mean theory and hypothesis, from, that 
which is the knowledge of facts and laws.' Faraday 
himself, in .('act, was always 'guessing by hypothesis;,' 
and. making theoretic divination the stepping-stone 
to his expo r hue ii lal results. 
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I have already more than once dwelt on the vivid- 
ness with which lie realised molecular conditions ; we 
have a fine example of this strength and bvigldness 
of:' imagination in the present 'speculation.' He 
grapples with the notion that matter is .made up of 
particles, not in absolute contact, but surrounded 
by inter- atomic space. 'Space,' .lie observes, 'must 
be talien as the only continuous part of a body 
so constituted. Space will permeate all. masses of 
niiiiter in every direction like a net, except that in 
place of meshes it will form cells, isolating eaeh atom 
from its neighbours, itself onJ y buing continuous. 1 

Let us follow out this notion ; consider, he argues, 
the case of a non-conductor of electricity, such for 
"sample as shell-lac, with its molecules, and in- 
termolecuiar spaces miming through the mass. In 
its case space must be an insulator; for if it were a 
conductor it would, resemble 'ujinc nulalLixuvb,'' pene- 
trating the lac in every direction. Butt.be fact is that 
it resembles the wax of Mack sealing-wax, which sur- 
rounds and insulates the particles of conducting car- 
bon, interspersed throughout its mass. In the case of 
shell-lac, therefore, spo.r.a is an insulator. 

But now, take the case of a conducting metal. Here 
we have as before, the swathing of space round every 
atom. If space be an insulator there can be no trans- 
mission of electricity from atom to atom. But there 
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w transmission ; Jioivoe :'}iuc<i is a condactor. Thus lie 
ondeavou rs to hamper the atomic theory. 'The rea- 
soning,' he says, 'ends in a subversion of that theory 
altogether ; for if space be an insulator it cannot exist 
in conducting bodies, and if it bo a conductor it can- 
not exist in insulating bodies. Any ground of rea- 
soning. 5 ho add-!, a.s if carried away by the ardour of 
argument. c which tends to snch conclusions a.s these 
must in itself be false- ' 

He then tosses the atomic theory from horn to horn 
of his 'dilemmas. What do we know, he asks, of the 
atom apart from its force '? You imagine a nucleus 
which may be called <h, and surround it by forces 
which may be called m; 'to my mind the a or nucleus 
vanishes, and the substance consists in. the powers of 
m. And indeed what notion can we form of the 
nucleus independent of its powers? 'What thought 
remains on which t.o hang- the imagination of an a 
independent of the acknowledged forces? ' Like Bos- 
covich he abolishes the atom, and puts a ' centre of 
force ' in its place. 

With his usual courage and sincerity he pushes his 
view to its utmost consequences. ' This view of the 
(■(institution of matter,' lie continues, ' would seem to 
involve necessarily the conclusion that matter tills 
all space, or at least all space to which gravitation 
extends; for gravitation is a property of mutter 
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dependent on a certain force, mul it is this force which 
constitutes the matter. In that view matter is not 
merely mutually penetrable ;" :: " but each atom extends, 
so "to say, throughout tlit: whole of the solar system, 
yet always retain in 3' its own centre of force.' 

It is the operation of a mind filled -with thoughts 
of this profound j strange, and subtle character that 
we have to tahe into account in dealing- vdth Fara- 
day's later researches. A similar east of thought 
pervades a letter addressed by Faraday to Mr. Richard 
HiiTlips, and published in the 'Philosophical. Maga- 
zine' for May, 1846. It is entitled "Thoughts on Bay- 
vibrations.' and it contains one of i.lie most smgu.lar 
speculations that ever emanated from a scientific 
mind. It must he remembered here, that though 
Faraday lived amid such, speculations he did not rate 
tbem highly, and that he was prepared at any mo- 
memVto change them or let them go. They spurred 
him on, but they did not hamper him. His theo- 
retic notions were -fluent ; and when minds less 
plastic than his own attempted to render those 
fluxional images rigid, he rebelled. He warns Phil- 
lips, moreover, that from first to last, 'he merely 
threw out as mutter for speculation the vnauo im- 



n of two atomg to the coi!r.!«fo 
-.:\: u-iivcs. v,-|ml.''l tln:nii;li i'u- ;i moiiiivit *.ik : jii.tiil to a single 
tilth- iiidii'iJuu-liiy, niid ;i.rtt.-m ui-ds separate. 
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pressions of his mind; for lie gave nothing- as the 
result of sufficient consideration, or as the settled 
conviction, or even probable conclusion at which ho 
had arrived.' 

The gist of this communication is that gravitating 
force acts in lines across space, and that the vibrations 
of light and radiant heat consist in the tremors of 
these lines of force. 'This notion,' lie says, 'as far 
as it is admitted, will dispense with the ether, which, 
in another view, is supposed to be the medium in 
which these vibrations hike place.' And he adds 
further on, that his view 'endeavours to dismiss 
the ether but not the vibrations.' The idea here 
set forth is the natural supplement of his previous 
notion, that it i.s gravitating force which constitutes 
matter, each atom extending 1 , so to silt, throughout 
the whole of the solar system. 

Tho letter to ~Nv. Phillips winds up with this beau- 
tiful conclusion : — 

'I think it likely that I have made many mistakes 
in the preceding pages, for even to myself my ideas 
on this point appear only as the shadow of a specu- 
lation, or a.s one of those impressions upon the mind 
which a,ro allowable lor a time as guides to thought 
and research. He who labours in experimental 
ikipii.ri.es, knows hew numerous these are, and how 
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often their fippiiren.t fitness and bea.uty vanish beiljiv 
the progress and development oi'roi.i.1 natural trirth.' 

Lot it then be remembered that Fa.raday entertained 
notions regarding matter and force altogether dis- 
tinct from the views generally held by scientific men. 
Force seemed to him an entity dwelling along the line 
in which it is exerted. The lines along -which gra- 
vity acts between the sun and earth seem figured. 
m his mind as so many elastic strings; indeed lie 
accept;; the assumed imtanlancuy of gravity as the 
expression of the enormous elasticity of the 'lines 
of weight.' Such views, fruitful in the ease of 
magnetism, barren, as yet, in the case of gravity, 
explain his efforts to transform this latter force. 
When he goes into the open air and permits his 
helices to fall, to his mind's eye they are tearing 
through the lines of gravitating power, and hence 
his hope and conviction that an effect would and 
ought to be produced. It must ever be borne in 
mind that Faraday's difficulty in dealing with these 
conceptions was at bottom the same as that of 
Newton ; that he is in fact hying to overleap this 
difficulty, and with it probably the limits prescribed 
to the intellect itself. 

The idea of lines of magnetic force was sug- 
gested to Faraday by Hie linear- arrangement of 
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iron Clings when scattered over el magnet. He 

speaks of and illustrates by sketches, the deflec- 
tion, both convergent anil divergent, of the lines of 
force, when, they pass respectively through magnetic; 
and diamaguetic todies. These notions of concen- 
tration and divergence are also based on the direct 
observation of his filings. So long did he brood upon 
these lines; so habitually did he associate them with 
his experiments on induced currents, that the asso- 
ciation became ' indissoluble.' and he could not think 
without them. ' I have been so accustomed,' he 
writes, 'to employ them, and especially in my last 
researches, that I may have unwittingly become pre- 
judiced in their favour, and ceased to be a clear- 
Edited judge. Still, I have always endeavoured to 
make experiment the test and controller of theory 
and opinion. ; but neither by that nor by close cross- 
examination in principle, have I been, .made aware of 
any error involved in their use.' 

In his later researches on magne-crystallic action, 
the idea of lines of force is extensively employed ; it 
indeed led him to an experiment which lies at the 
root of the whole question. In his subsequent re- 
searches on Atmospheric Magnetism, the idea receives 
still wider application, showing itself to be wonder- 
fully flexible and convenient. Indeed without this 
conception the attempt to seize upon the magnetic 
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notions, possible or actual, of the atmosphere would 
bo difficult In tlic extreme; but the notion of lines of 
force, and of their divergence and convergence, guides 
Faraday without perplexity through a 11 the ii itrioacics 
of the question. After the completion of those re- 
searches, and in a paper forwarded to the Royal 
Society on Oeiober 22, ISO J, lie devotes himself to the 
formal development and illustration of his favour- 
ite idea. The paper bears the title, ' On lines of 
magnetic force, their definite character, and their 
' distribution within a magnet and through space.' 
A deep reflectiveness is the characteristic of this 
memoir. In his experiments, 'which are perfectly 
beautiful and profoundly suggestive, he takes but a 
secondary deligl.it. His object is to illustrate the 
utility of his conception of lines of force. 'The 
study of these lines,' he says, 'has at different times 
been greatly influential in leading mo to various 
results which I thin]; prove their utility as well as 
fertility.' 

Faraday for a long period used the lines of force 
merely as 'a. representative idea.' Ho seemed for a 
time averse to going further in expression than the 
lines themselves, however much further he may 
have gone in idea. That he believed them to 
exist at all times round a magnet, and irrespec- 
tive of the existence of magnetic mutter, such as 



)y Google 



FAKADAY AS A DISCOVERER. 129 

iron -filings, external to the magnet, is certain. 
No doubt the space round every magnet presented 
itself to Ids imagination as traversed by loops of 
magnetic power; but he was chary in speaking 
of the physical substratum of those loops. Indeed 
it may be doubted whether the physical theory of 
lines of force presented itself with any distinctness 
to his own mind. The possible complicity of the 
Iuminiferous ether in magnetic phenomena, was cer- 
tainly in his thoughts. 'How the magnetic force,' 
he writes, ' is transferred through bodies or through 
space we know not; whether the result is merely 
action at a distance, as in the case of gravity; or by 
some interniciliute agency, as in the case of light, 
heat, the electric current, and (as I believe) static 
electric action. The idea, of magnetic fluids, as ap- 
plied by some, or of magnetic centres of action, docs 
not include that of the latter kind of transmission, 
but the idea of lines of force does.' And he continues 
thus : — ' I am more inclined to the notion that in the 
transmission of the [magnetic] force there is such 
an action [an intermediate agency] external to the 
magnet, than that the effects are merely attraction 
and repulsion at a distance. Such an affection may be 
a function of the ether.; for it is not at all unh'-hi/li/ that, 
if there he an ether, it r-limild hare other ■.:i.<ex ih.a.ii.niraph) 
the cunvcyav.ee of ro.dint.i":^.'' When he speaks of the 
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magnet in certain cases. • revolving amongst its own 
forces,' he appears to have some conception of this 
hind in view. 

A great part of the investigation completed in 
October, 1851, was taken up with the motions of 
wires round the poles of a magnet and the converse. 
He carried an insulated wire along the axis of a 
bar magnet from its pole to its equator, where it 
issued from the magnet, and was bent up so as to 
connect its two ends. A complete circuit, no part of 
which was in contact with the magnet, was thus ob- 
tained. He found that when the mag-net and the 
external wire were related together no current was 
produced ; whereas, when dlhsr of them was rotated 
and the other left at rest currents were evolved. 
He then abandoned the axial, wire, and allowed the 
magnet itself to hike its place; the result was the 
same.* It was the relative motion of the mag-net 
and the loop that was effectual in producing a cur- 
rent. 

The lines of force have their roots in the magnet, 
and thoug-h they may expand into infinite space, 
they even.tna.Uy return to the magnet, Sow these 
lines may bo intersected close to the magnet or at a 
distance from it. Faraday funis distance to be per- 

* In (his form (ho i'ljTrum.;! is iJenUL-a; v. it!: u::u mink Lv.Mify 
years eaL-llw.'. Sue iingc HO, 
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fwtly immaterial so long as the wurahe.r of lines* in- 
tersected is the same. For example, when the loop 
connecting the equator and the pole of his bar- 
magnet performs one complete revolution round the 
magnet, it is manifest that all the lines of force issuing 
from the magnet are once intersected. Now it in alters 
not whether the loop be ten feet or ten inches in 
length, it matters not how it may be twisted and 
contorted, it wallers not how near to the magnet or 
how distant from it the loop may be, one revolution 
always produces the same amount of current elec- 
tricity, because in all these eases all the lines oi' force 
issuing from the magnet are once intersected and 
no more. 

From the external portion oi' the circuit he passes 
in idea to the internal, and follows the lines of force 
into the body of the magnet itself. His conclusion 
is that there exist lines of force within the magnet 
of the same natnri', as those without. What is more, 
they are exactly equal in amount to those without. 
They have a relation in dirwiiim to those without ; 
and in fact are continuations of them. . . 'Every 
line of force, therefore, at whatever distance it may 
be taken from the magnet, must be considered as 
a closed circuit, passing in some part of its course 
through, the magnet, and having an equal amount of 
force in every part of its course.' 
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All the results hero described were obtained with 
moving metals. 'But,' he continues with profound 
sagacity. ' mere motion would not generate a relation, 
which had not a, foundation in the existence of some 
previous state; and therefore the ijvvisixni metals 
must be in sonic relation to the active centre offeree,' 
that is to the magnet. He here touches the core of 
the whole question, and when we can state the con- 
dition into which the conducting wire is thrown 
before it is moved, we shall then be in a position to 
understand the physical constitution of the electric 
current generated by its motion. 

In this inquiry Faraday worked with steel magnets, 
the force of which varies with the distance from the 
magnet, "lie then sought a vM-ifonn field of magnetic 
force, and found it in space as affected by the magnet- 
ism of the earth. His next memoir, sent to the 
liova! Society, December 31, 1851, is 'on the employ- 
ment of the Induced ]Vihgueto-eIectro Current as a 
test and measure of magnetic forces.' He forms 
rectangles and rings, and by ingenious and simple 
devices collects the opposed currents which are de- 
veloped in them by rotation across the terrestrial lines 
of magnetic force, lie varies the shapes of his rec- 
tangles while preserving their areas constant, and 
finds that the constant area prod aces always the same 
amount of current per revolution. The current de- 
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ponds solely on the number of lines of force inter- 
sected, and when this number is kept constant the 
current remains constant too. Thus the lines of mag- 
netic force are- continually before his eyes, by their 
aid ho' colligate* hi* i'neis, and through (lie inspira- 
tions derived from them he vastly expands the 
boundaries of our experimental knowledge. The 
beauty and. exactitude of the results of this investi- 
gation aro extraordinary. I cannot help thinking 
while I dwell upon them, that this discovery of mag- 
neto-electricity is the greatest experimental result 
ever obtained by an investigator. It, is the Mont 
Blanc of Faraday's own achievements. He always 
worked '.it, great, elevations, but a, higher than this 
he never subsequently attained. 



UNITY AKJ) COWIvltanil.ITT OP NATUTIAL IOKC.KS : 
THEORY OP THE ELECTRIC CURRENT. 

The terms imibj and convertibility, as applied to 
natural forces, are often employed in these investi- 
gations, ma.ny profound and beautiful thoughts re- 
specting these subjects being expressed in Faraday's 
memoirs. Modern inquiry has, however, much aug- 
mented our knowledge of the relationship of natural 
forces, and it seems worth while to say a few words 
here, tending to clear up certain misconceptions 
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which appear to exist among philosophic writers 
regarding this relationship. 

The whole stock of energy or working •-power in the 
world consists of vttrvciion.s, repvltioii.s, ami motion)-: 
If the attractions fi ml repulsions are so circumstanced 
as to be able to produce motion, they are sources 
of working-power, but not otherwise. Let us for 
the sake of simplicity confine our attention to the 
case of attraction. The attraction exerted between 
the earth and a body at a. distance from the earth's 
surface is a source of working' -power ; because the 
body can he moved by the attraction, and in fulling 
to the earth can perform work. When .It rests upon 
the earth's surface it is not a source of power or 
energy, because it can fall no further. But (hough 
it has ceased to be a source of en-ayy, the attraction 
of gravity still acts as ;i force, which holds the earth 
and weight together. 

The same remarks apply l.o attracting atoms and 
molecules. As long as distance separates them, they 
can move across it in obedience to the attraction. 
and the motion thus produced inny, by proper appli- 
ances, be caused to perform mechanical work. 
When, for exauij.de, two atoms of hydrogen unite 
with one of oxygen, to form water, the atoms 
are first drawn towards each other — they move, 
fchey clash, and then by virtue of their resiliency, 
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they recoil and quiver. To this quivering motion 

we give the name of heat. !Nbw this qnivfiinj; 
motion is merely the redistribution of the motion 
produced by the chemical aiiinily ; smd this is the only 
sense in which chemical affinity can he said to be 
converted into heat. We must not imagines the chemi- 
cal attraction- destroyed, or converted into anything 
else. For the atoms, when mutually clasped to form 
a molecule of water, are held together by the very 
attraction which hrsti drew them towards each other. 
That which has really been expended is the pull 
exerted through the space by which the distance 
between the atoms has been diminished. 

If this be understood, it will be at once seen that 
gravity may in this sense he said to be convertible 
into heat ; that it is in reality no more an outstand- 
ing and inconvertible agent, as it is Kometim.es stated 
to be, than chemical affinity. By the exertion of a 
certain pull, through a certain space, a body is caused 
to clash with a certain definite velocity against the 
earth. Heat is thereby developed, and this is the 
only sense in which gravity can be said to be con- 
verted into heat. In no case is the force which pro- 
duces the motion annihilated or changed into any- 
thing else. The mutual attraction of the earth and 
weight exists when they are in contact as when they 
were separate ; but the ability of that attraction to 
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employ ilEt.'li' in the production of motion doou not 
exist. 

The transformation, in this case, is easily followed 
by the mind's eye. First, the weight as a whole is 
3et in motion by the attraction of gravity. This 
motion of the mass is arrested by collision with the 
earth ; being broken up into molecular tremors, to 
which we give the name of heat. 

And when we reverse the process, and employ 
those tremors of heat to raise a weight, a.s is done 
through tl 10 intermediation of an elastic fluid in the 
steam-engine, a certain definite portion of the mole- 
cular motion is destroyed in raising the weight. In 
this sense, and this sense only, can the heat be said 
to be converted into gravity, or more correctly, into 
potential energy of gravity. It is not that the de- 
struction of the beat lias created any ii.no attraction, 
but cimply that the old attraction has now a power 
conferred upon it, of exerting a certain definite pull 
in the interval between the starting-point of the 
falling' weight and ii:s collision with the earth. 

So also as regards magnetic Attraction: when a 
sphere of iron placed at some distance from a mag- 
net rushes towards the magnet, and has its motion 
stopped, by collision, an effect mechanic ally the same 
as that produced by the attraction of gravity occurs, 
The magnetic attraction generates the motion of the 



)y Google 



FARADAY AS A DISCOVERER. 137 

mass, and the stoppage, or that motion produces neat. 
In this sense, and in this sense only, is there a trans- 
fonna t.ion of magnetic work into licat. And if by 
the mechanic ;.i.l action of heat, brought to bear by 
means of a suitable machine, the sphere be torn from 
the magnet and again placed at a distance, a power 
of exerting a pull through that distance, and produc- 
ing a new motion of the sphere, is thereby conferred 
upon the magnet; in this sense, and in this sense 
only, is the hea.t converted into magnetic potential 
energy. 

When, therefore, writers on the eotiservation of 
energy speak of tensions being 'consumed' and 
'generated,' they do not mean thereby that old 
attractions have been annihilated and new ones 
brought into existence, but that, in the one case, 
the power of the attraction to produce motion has 
been diminished by the shortening of the distance 
between the attracting bodies, and that: in the other 
ca.se the power of producing motion has been aug- 
mented by the increase of the distance. These re- 
marks apply to all bodies, whether they be sensible 
masses or molecules. 

Of the inner quality that enables matter to a.ttract 
matter we know noih.ing ; and the la.w of conserva- 
tion makes no statement regarding tha.t quality. 
It takes the facts of attraction as they stand, and 
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affirms only Hie constancy of working-power. That 
power may exist in the form of jiotion ; or it may 
exist in the form of fokce, ivith distance to act 
through. The former is dynamic energy, the hitter 
is potential energy, tlie constancy of (lie sum of both 
being affirmed by the law of conservation. The con- 

yiibiiihj of natural forces consists solely in trans- 
formations of dynamic into potential, and of potential 
into dynamic, energy, which are incessantly going' 
on. In no other sense has the convertibility of force, 
at present, any scientific meaning. 

By the contraction of a muscle a man lifts a 
weight from the earth. But the muscle can con- 
tract only through the oxidation of its own tissue or 
of the blood, passing through it. Molecular motion 
is thus converted into mechanical motion. Supposing 
the muscle to contract without raising the weight, 
oxidation would also occur, hut the whole of the heat 
produced, by this oxidation would be liberated in the 
mv.scJr, iUdf. Not so when it; performs external work; 
to do that work a certain definite portion of the heat 
of oxidation must ho expended. It is so expended 
in polling the weight away from the earth. If the 
weight be per ia.it ted to Call, the hear generated by its 
collision with the earth would exactly make up for 
that- lacking in the muscle dining the lifting of the 
weight. In the cr.se Lore supposed, we have a coii- 
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■■version of molecular muscular action into potential 
energy of gravity ; and a, conversion of that potential 
energy into heat; the heat, however, appearing at 
a distance from its real origin in the muscle. The 
whole process consists of a transference of moloculai- 
niotion from the muscle to the weight, and gravitat- 
ing force is the mere go-between, by means of which 
the transference is effected. 

These considerations will help to clear our way to 
the conception, of the transformations which occur 
when a wire is moved across the lines of force in a 
magnetic field. In this case it is commonly said we 
have a conversion of magnetism into electricity. But 
let us endeavour to understand what really occurs. 
For the sake of simplicity, and with a view to its 
translation into a different one subsequently, let us 
adopt for a moment the provisional conception of a 
mixed fluid in the wire, composed of positive and 
negative electricities in equal quantities, and there- 
fore perfectly neutralizing each other when the wire 
is still. By the motion of the wire, say with the 
hand, towards the magnet, what the Germans call a 
,S.-/n :/■''." ),';•/,-: -Kraft — a. separating force —is brought into 
play. This force (curs the mixed ila.ids asunder, and 
drives them in two currents, the one positive and 
the oilier negative, in two opposite directions through 
the wire. The presence of these currents evokes a 
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force of rfrp-n'/.noti between (he magnet and the wire; 
and to canst! tlic one to approach tlio other, this re- 
pulsion must l>e overcome. The overcoming of this 
repulsion is, in fact, the work done in separating imd 
impelling the two electricities. When the wire is 
moved away from tin.; magnet, a ScJieidi'ii.tjt-.Kntft, or 
separating force, also comes into play; but now it is 
an attraction that has to be surmounted. In sur- 
mounting it, currents are developed in directions 
opposed to the former; positive takes the place of 
negative, and negative tire place ofposHive; the over- 
coming of the attraction being the work done in sepa- 
rating and impelling the two electricities. 

The mechanical action occurring' here is different 
from that occurring 'where a. sphere of soft iron is 
withdrawn from a magnet, and again attracted. 
In this ease muscular force is expended during the 
act of separation; but the attraction of the magnet 
effects the reunion. In the case of the moving wire 
also we overcome a. resistance .in separating it from 
(lie magnet, and thus far the action is mechanically 
the same as the separation of the sphere of iron. 
But alter the wire has ceased moving, the attraction 
ceases; and so far from any action occurring similar 
to that, which draws the iron sphere back to the 
magnet, we have to overcome a repulsion to bring 
them together. 
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There is no potential, energy conferred either by 
the removal or by tlie approach of [he wire, and the 
only power really transformed or converted, in the 
experiment, is muscular power. Kotbiug thai could 
in strictness be called a conversion of magnetism 
into electricity occurs. The muscular oxidation that 
uioves this wire fails; Lo produce wi.Ui.lii the -khisc'i; its 
due amount of heat, a psrtion of that heat equi- 
valent to the reai.-ita.nee overcome, appearing in the 
moving wire instead. 

Is this effect an attraction and a repulsion at a 
J 'stances ■' IT so. wliy should both ceaso wh.cn the 
wire ceases to moye ? In fact, the deportment 
of the wire resembles far more that of a body 
moving in a renidliuj -hwdtur,), than anything else ; 
the resistance ceasing when the motion is sus- 
pended. Let us imagine the case of a liquid so 
mobile that the band may be passed through it to 
and fro, without encountering any sensible re- 
sistance. Ti: resembles the motion of a conductor in 
the unexcited field of an electro -magnet. Now 3 let 
us suppose a body placed in the liquid, or acting on 
it, which confers upon it the property of viscosity ,■ 
the hand would no longer move freely. During its 
motion, but then only, resistance would be encoun- 
tered and overcome. Here we have rudely repre- 
sented the case of the excited magnetic Held, and the 
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result in both cases would be substantially the sawn. 
In both cases heat would, in the end, be generated 
outside of the muscle, its amount being exactly 

equivalent to the resistance oyercome. 

Let us push the analogy a, little further; suppose 
in the case of the iluid rendered viscous, as assumed 
si moment ago, the viscosity not to be so great as to 
prevent the formation, of ripples when the band is 
passed through the liquid. Then the motion of the 
hand, before its final conversion Into heat, would 
exist for a time as wa,ve-motion, which, on snbs.Idnig, 
would s'fuierato its duo equivalent of heat. This in- 
termediate stage-, in the ease of our moving wire, is 
represented by the period ihiHnr/ which the chclrlc 
current is jlnu-ing throwjh U; but that current, like 
the ripples of our liquid, soon subsides, being, like 
them, converted into heat. 

Do these words shadow forth anything like the 
reality? Such, speculations cannot be injurious if 
they are enunciated without dogmatism. I do con- 
fess that idea;; such as these here indicated exercise 
a strong fascination on my mind. Is then the 
magnetic field really viscous, and if so, what sub- 
stance exists in it and the wire to produce the visco- 
sity? Let us first look at the proved effects, and 
afterwards turn our thoughts back upon iliei.r cause. 
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V7hou the wire approaches (he magnet, tm action is 
evoked within it, which travel, through it with a 
velocity comparable- i;o thai of light. One substance 
only in the universe has been hitherto proved eompc- 
tent to transmit power at this velocity ; the hmiini- 
tcrous ether. Wot only its rapidity of progression but 
its ability to produce the motion of light and heat, 
indicates that the electric current is also motion.*' 
Further, there is a striking resemblance between the 
action of good and bad conductors as regards electri- 
city, and the action of diathermanous and adiather- 
manous bodies as regards radiant heat. The good 
conductor is dialhernmnous to the electric current ; it 
allows free transmission without the development of 
heat. The bad conductor is adiailiermanous to the 
electric current, and hence the passage of the latter 
is accompanied by the development of heat, I am 
strongly inclined to hold the electric current, pure 
and simple, to be a motion of the ether alone; good 
conductor* being so constituted that the motion may 
be propagated through their ether without sensible 
transfer to their atoms, while in the case of bad 

* Mr. Clerk Mjix'.vell 1t-S T-rmily pnKift.eil nn exceedingly im- 
jiortiiiit investigation Cini^cawl v;ih :!jIs ttuostion. Even in the non- 
in: i ttemal ica] portioni of the memoirs of Mr. Maxwell, the admiraHe 
spirit o: liis jiliiloso].'!:;.- is r-iifS-.-ii-ni ly levci^i.J. As rcyiirits the em- 
plr.y:::.Mi1: of s;-ii!i:i.]:ii' i^iai.'.'Ty, I iiar.lLy i;::o',v h .h" c-;ruiL n _ :n j:ov;"cr of 
llul.eip'.SOI] «;-:d i4i ai"ar-s f>:' il'.'Knitl.sll. 
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conductors this transfer is effected, the transferred 
motion appearing as heat.* 

I do not know vi'hether Faraday would have sub- 
scribed to what is hero written; probably his habitual 
caution would have prevented him from committing 
himself to anything so definite. But some such 
idea filled his mind and coloured his language 
1,1 l !:on ol i oil. the later years of his life. I dare not say 
that he has been always successful in the treatment 
of these theoretic notions. In Iris speculations he 
mixes together light and darkness in varying pro- 
portions, and carries us along with him through 
strong alternations of both. It is impossible to 
say how a certain amount of mathematical train- 
ing would have affected his work. We cannot say 
what its influence would have been upon that force 
of inspiration that urged him on; whether it would 
have daunted linn, and prevented him from driving 
his adits into places, where no theory pointed to a 
lode. If so, then we may rejoice that this strong 
delver at the mine of natural knowledge was left free 
to wield his mattock in his own way. It must be 
admitted, that. "Faraday's purely speculative writings 
often lack that precision which the mathematical 

* Ojie important (lifTi-rencc, of cnv.rse, ciist-i It-tivcen tho effect of 
motion in tin- mflsjiolrs Jiild. :u:d iv.orio:) in ;i roniH'iijg medium. In die 
former eise the halt, is genrir.u-d in the i,fjd,ty ctmdv.'dor, in tho kttlS 
it is in piirt ^tucviit.! il in ihs iMultun. 
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habit of thong] it confers. Still across them flash 
frequent gleams of prescient wisdom, which will ex- 
cite admiral i.Oii throughout nil time; while the fads, 
relations, principles, and laws which his experiments 
1i;.i,yo established arc sure to form the body of grand 
theories yet to eomc. 



Wten from an Alpine height the eye of the 

climber ranges over the mountains, he: finds that for 
the most part they resolve themselves into distinct 
groups, each consisting of a dominant mass sur- 
rounded by peaks of lesser elevation. The power 
which lifted the mightier eminences, in nearly all 
cases lifted others to an almost equal height. And 
so it is with the discoveries of Faraday. As a 
general rule, the dominant result does not stand 
alone, but forms the culminating point of a vast and 
varied mass of inquiry. Tn this way, round about his 
groat discovery of ilagneto- electric Induction, other 
weighty labours group themselves. His investi- 
gations on the Extra Current; on the Polar and 
other Condition of Di a magnetic Bodies ; on Lines of 
Magnetic Force, their definite character and distri- 
bution ; on the employment of the Induced Magneto- 
e]ectric Current as a measure and test of Magnetic 
Action ; on the lievulsive Phenomena of the mug- 
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nciic field, are all, notwithstanding the diversity of 
title, researches in the domain of Magneto-electric 
Induction, 

Faraday's second group of researches and dis- 
coveries embrace the chemical phenomena of the 
current. The dominant result here is the great law 
of definite Electro -chemical Decomposition, around 
which arc massed various researches on Electro- 
chemical Conduction, and on Electrolysis both with 
the Machine and with tho Pile. To this group also 
belong his analysis of the Contact Theory, his 
inquiries as Lo the Source of Voltaic Electricity, and 
his final development of the Chemical Theory of 
the pile. 

His third great discovery is the Magnetization 
of Eight, which I should lilien to the Weisshorn 
among mountain;; — high, beautiful, and alone. 

The dominant result of his fourth group of re- 
searches Is the discovery of Diamagnetism, an- 
nounced in his memoir as the Magnel ic Condition of 
all Matter, round which a.rc grouped bis inquiries on 
the Magnetism of Flame and Gases; on Magne- 
crystallic action, and on Atmospheric Magnetism.. 
in its relations to the annual and diurnal variation of 
the noodle, the .full significance of which is still to be 
shown, 

These are Faraday's most massive discoveries, 
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and npon them his fame must mainly rest. But 
even without them, sufficient would remain to secure 
for him a high and Listing scientific reputation. 
We should still have his researches on the Lique- 
faction of Gases; on Frictional Electricity; on the 
Electricity of the Cymiiotus ; on the source of Power 
in the Hydro-electric machine, the two last investi- 
gations being untouched in the foregoing memoir; 
on Electro-magnetic notations: on TVe gelation ; all 
his more purely Chemical itesearehes, including his 
discovery of Benzol. Besides these he published a 
multitude of minor papers, most of which, in some 
way or other, illustrate Iris genius. I have made 
no allusion to his power and sweetness as a lecturer. 
Taking him for all and all, I think it will be eon- 
ceded that Michael Pai-aday wns the greatest experi- 
mental philosopher the world has ever seen ; and I 
will add the opinion, that the progress of future 
research will tend, not to dim or to diminish, but to 
enhance and glorify the labours of this mighty in- 
vestigator. 

ILLUSTRATIONS OF CHARACTER. 

Thus far I have confined myself to topics mainly 
interesting to the man of science, endeavouring, 
however, to treat them in a manner rairepellent to 
the general reader who might wish to obtain a notion 
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of Faraday as a worker. On others will fall the 
duty of presenting to the world a picture of the man. 
Bat I know you will permit rne to add to the 
foregoing analysis a few personal reminiscences and 
remarks, tending to connect Faraday with a wider 
world than that of science — .namely, with the general 
human heart. 

One word in reference to his married life, in 
addition to what has been already said, may find a 
place here. As in the former case, Faraday shall be 
his own spokesman. The following paragraph, 
though written in the third person, is from his 
hand: — ( On June 12, 1821, he married, an event 
which more than any other contributed to his 
earthly happiness and healthful slate of mind. The 
union has continued for twenty-eight years and has 
in no wise changed, except in the depth and strength 
of its character.' 

Faraday's immediate fore lathers lived in a little 
place called Clapham Wood Hall, in Yorkshire. 
Here dwelt Robert Faraday and Elizabeth his wife, 
who had ten children, one of them, .fames Faraday, 
born in 1761, being father to the philosopher. A 
family tradition exists that the Fn.Tsi.da.yg came origi- 
nally from Ireland. Faraday himself has more than 
once expressed to me his belief that his blood was in 
part Celtic, but how much of it was so, or when the 
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infusion tools pla.ee, be was unable to say. He could 
imitate tbo Irish brogue, and his wonderful vivacity 
may have been in part due to Ids extraction. But 
there were other qualities which wu should hardly 
think of deriving- from. Ireland. The most prominent 
of these was his sense of order, which ran like a 
luminous beam through all the transactions of his 
life. The most entangled and complicated matters 
fell into harmony in his hands. His mode of hooping 
accounts excited the admiration of the managim; 
board of this Institution. And his science was simi- 
larly ordered. In his Experimental, Besearehes, lie 
numbered every paragraph., and welded their various 
parts together by incessant reference. His private 
notes of the Experimental Bosoarches, which are 
happily preserved, are similarly numbered : their last 
paragraph bears the figure 10,041. His working 
qualities, moreover, showed the tena.city of the Teu- 
ton. His nature was impulsive, but: there was a force 
behind the impulse which did not permit it to retreat. 
If in his warm moments he formed a, resolution, in 
his cool ones he made that resolution good.. Thus 
his fire was tha.t of a solid combustible, not that of a 
gas, which blazes suddenly, and dies as suddenly 
away. 

And here I must claim your tolerance for the limits 
by which I am confined. Xo materials for a life of 
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i'ara.da.y are in my hands, ami what I have now to 
say has arisen almost wholly out of our close personal 
relationship. 

Letters of his, covering a. period of sixteen years, 
are before me, each one of which contains some 
characteristic utterance ;— strong, yet delicate hi 
counsel, joyful hi encouragement, and warm in affec- 
tion. References which would he pleasant to such 
of them as still live are made to Humboldt, Riot, 
Dumas, Chev.renl, Magnus, and Arago. Accident 
brought these names prominently forward: but many 
others would be required to complete his list of con- 
tinental friends. He prized the love and sympathy 
of men— prized it almost more than the renown 
which his science brought him. IS' early a dozen 
years ago it fell to ray lot to write a review of his 
'Experimental Researches' for the 'Philosophical. 
Magazine.' After lie had read it, he took me by the 
hand, and. said, ' Tyudall, the sweetest reward of my 
work is the sympathy and good will which it has 
caused to flow in upon me from all quarters of the 
world.' Among his letters I find little sparks of 
kindness, precious to no one but myself, but more 
precious to me than all. He would peep into the 
laboratory when ho thought me weary, and take me 
upstairs with him to rest. And if I happened to bo 
absent he would leave a little nolo for me, couched 
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in tliis or some other similar form : — 'Dear Tyndall 
— I was looking for you, because we were at tea — we 
have not yet done— will you come np P ' I frequently 

shared his early dinner ; almost always, in fact, while 
my lectures were going- on. There was no trace of 
asceticism in his nature. He preferred the meat and 
wine of life to its locusts and wild honey. Never 
once during an intimacy of fifteen years did he men- 
tion religion to me, save when I drew him on to the 
subject. He then spoke to me without hesitation or 
reluctance ; not with any apparent desire to 'improve 
the occasion,' but to give mc such information as' I 
sought. He believed the human heart to be swayed 
by a power to which science or logic opened no 
approach, and right or wrong', this J.'iiUi. held in per- 
fect tolerance of the faitha of others, strengthened 
and beautified his life. 

From the letters just referred to, I will select three 
for publication here. I choose the first, because it 
contains a. passage revealing the feelings with which 
Faraday regarded his vocation, and also because 
it contains an allusion which will give pi ensure to a 
friend. 

'-B ayal -foaJ '- : '■■■-- 



< Vciitnor, Islu of Wialit, June 28, 1*54. 

' Sir dear Txndall, — Ton see by the top of this 
tetter how much habit prevails over me ; I have just 
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read yours from thence, and yet I think myself.' there. 
However,! have left its science in very good keeping-, 
and I am glad to learn that yon are at experiment 
once more. But how is the health? Not well, I fear. 
I wish you would get: yourself strong first and work 
afterwards. As for the fruits, I am sure they will ho 
good, for though T sometimes despond as regards 
myself, I do not as regards you. Tou are young, 
I am old. . * . lit'.!, thai our suhjcels ere so ijlorlov.s, 
tha.ll.owork at. than rejoices and encourages ih.e f edited ; 
delights and enchants the strongest, 

' I have not yet seen anything from Magnus. 
Thouglrfs of him always delight me. We shall look 
at. his black sulphur together. 1 heard from Sclion- 
bein the other day. He tells me that Lichig is full 
of ozone, i.e. of allotropic oxygen. 

' Good-bye for the present. 

' Ever, my dear Tyndall, 
' Yours truly, 
' M. Faraday.' 

The contemplation of Nature, and his own rela- 
tion to her, produced in Faraday a kind of spiritual 
exaltation which makes itself manifest here. His 
religious feeling and his philosophy could not be kept 
apart ; there was an habitual overflow of the one into 
the other. 
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Whether he or another wag its exponent, he ap- 
peared to take equal delight in science. A good 
experiment would make him almost dance with 
delight. In November, 1850, ho wrote to me thus : — 
' I hope some day to take up the point respecting the 
magnetism of associated particles. In the mean 
time I rejoice at every addition to the facts and 
reasoning connected with the subject. When science 
is a republic, then it gains : and though I am no 
republican I.u oilier matters, I am in that.' All his 
li.tters illustrate Wilis catholicity of feeling, fen year's 
ago, when going down to Brighton, he carried with 
him a little paper I had just completed, and after- 
wards wrote to me. His letter is a mere sample of 
the sympathy which he always showed to me and my 
work. 

'Brighton, December B, 1857. 

' My pear Tyndall, — I cannot resist the pleasure 
of saying how very much I have enjoyed your paper, 
livery part has given me delight. It goes on from 
point to point beautifully. Yon will hud many pencil 
marks, for I made them as I read. I let them stand, 
for though many of them receive their answer as 
the story proceeds, yet they show how the wording 
impresses a mind fresh to the subject, and perhaps 
here and there you may like to alter it slightly, if 
you wish the full idea, i.e. not an inaccurate one, to 
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be suggested at first ; and yet after all I believe it is 
not your exposition, but the natural jumping to a 
conclusion that affects or lias affected my pencil. 
' We return on Friday, when I will return you the 

paper, 

' Ever truly yours. 

' M. Faeaday.' 

The third, letter will come in its proper place to- 
wards the end. 

While once conversing with Faraday on science, in 
its relations to commerce and litigation, lie said to 
mc, that at a certain period of his career, he was 
forced definitely to ask himself, and finally to decide 
whether he should make wealth or s donee the pursuit 
of his life. He could not serve both masters, and he 
was therefore compelled to choose between them. 
After the discovery of magneto-electricity his fame 
was so noised abroad, that the commercial world 
would hardly have considered any remuneration too 
high for the aid of abilities like his. Even before lie 
became so famous, ho had done a little 'professional 
business.' This was the phrase he applied to his 
purely commercial work. His friend, Richard 
Phillips, for example, had induced him to undertake 
a number of analyses, which produced, in the year 
1830, an addition to his income of more than it 
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thousand pounds; find in 1831, a. still greater addi- 
tion. He had only to will it to raise in 18?>2 liis 
professional business income to 5,000?. a year. In- 
deed, this is a. wholly insufficient estimate of what he 
might, with ease, have- realised am.mally daring the 
last thirty years of his life. 

While restudying the Experimental. Researches 
with reference to the present memoir, the conver- 
sation with Faraday here alluded to canie to my 
recollection, and I sought to ascertain the period 
when the question, 'wealth or science,' had presented 
Ilself wii.li such emphasis to his mind. I fixed, upon 
the year 1831 or 1882, for it seemed beyond the 
range of human power to pursue science as he had 
done during- the subsequent years, and to pursue 
commercial work at the same time. To test this 
conclusion I asl;ed permission to see his accounts. 
and on my own responsibility, I will state the result. 
In 1832, his professional business-income, instead of 
rising to 5,000Z., or more, fell from 1,090!. 4s. to 1551, 
9s. From this it fell with slight oscillations to 921. in 
1837, and to zero in 1838. Between 1839 and 1845, it 
never, except in one instance, exceeded 221. ; being 
for the most part much under this. The exceptional 
year referred to was that in which lie and Sir Charles 
Lyell were enga.ged by Government to write a report 
on the Haswell Colliery explosion, and then his 
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business income rose to 112Z. From the end of 18-15 

to the day of his death, Faraday's annual professional 
business income was exactly zero. ' Taking the dura- 
tion of his life into account, this son of a blacksmith, 
and apprentice to a bookbinder, had to decide 
between a fortune of 150,000?. on the one side, and 
his undowered science on the other. He chose the 
latter, and died a poor man. But his was the glory 
of holding aloft among the nations the scientific 
name of England for a period of forty years. 

The outward and visible signs of fame were also 
of less account to him than to most men. He had 
been loaded with scientific honours from all parts of 
ihe world. Without, I imagiuc. a dissentient voice.. 
he was regarded as the prince of the physical in- 
vest i gators of the present age. The highest scien- 
tific position in this country lie had, however, never 
filled. When the late excellent and lamented Lord 
Wroftesley resigned the pretdi.to.uey of the Royal 
Society, a dc2*utation from the council, consisting of 
his Lordship, Mr. Grove, and Mr. Gassiot, waited 
upon Faraday, to urge him to accept the president's 
chair. All that argument or friendly persuasion 
could do was done to induce him to yield to the 
wishes of the council, which was "also the unanimous 
wish of scientific men. A knowledge of the quick- 
ness of his own nature had induced in Faraday the 
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lia"bit of requiring an interval of reflection, beforo he 

decided upon, any question of importance. In the 
present instance lie followed bis usual habit, and 
begged for a little time. 

On the following morning, I went up to Ms 
room, and said on entering that I had eome to 
him with some anxiety of mind. He demanded 
its cause, atid. 1 responded 'lest you should have 
decided against the wishes of the deputation that 
waited on you yesterday.' ' You would not urge 
me to undertake this responsibility,' he said. ' I 
not only urge you,' was my reply, ' but I consider it 
your bounden duty to accept it.' He spoke of the 
labour that it would involve ; urged that it was not 
in his nature to take things easy; and that if lie 
became president, he would surely have to stir many 
new questions, and agitate for some changes. I 
said that in such cases he would find himself sup- 
ported by the youth and strength of the Eoyal 
Society. This, however, did not seem to satisfy Lim, 
Mrs. Faraday came into the room, and he appealed 
to her. Her decision was adverse, and I deprecated 
her decision. 'Tyndall,' he said at length, 'I must 
remain plain 3.1icha.el Faraday to the last; a.nd let 
me now tell you, that if I accepted the honour which 
the I?.oya.l Society desires to confer upon me, I would 
not answer for the integrity of my intellect for a 
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single year.' I urged him no more, and Lord 
'Wrottcsley had a most worth;- successor in Sir Ben- 
jamin Brodie. 

After the death of the Duke of Northumberland, 
our Board of Managers wished to see Mr. Faraday 
finish his career as President of the Institution, 
which he had entered on weekly wages more than 
half a century before. But he would have nothing 
to do with the presidency. He wished for rest, and 
the reverent affection of his friends was to him in- 
finitely more precious than all the honours of official 
life. 

The first requisite of the intellectual life of Fara- 
day was the independence of his mind ; and though 
prompt to urge obedience where obedience was due, 
with every right assertion of manhood lie intensely 
sympathized. Even rashness on the side of honour 
found from him ready forgiveness, if not open 
applause. The wisdom of years, tempered by a 
eh aril etcr of this kind, rendered his counsel pecu- 
liarly precious to men sensitive lihe himself. I often 
sought that counsel, and, with your permission, will 
illustrate its character by one or two typical in- 
stances. 

In 1855, T was appointed examiner under the 
Council for Military Education. At that time, as 
indeed now, I entertained strong convictions as to 
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the enormous utility of physical science to officers of 
artillery and engineers, and whenever opportunity 
offered, I expressed this conviction without reserve. 
I did not think the recognition, though considerable, 
accorded to physical, science in those examinations 
at all proportionate to its importance ; and this pro- 
bably rendered me more jealous than I otherwise 
should have been of its claims. 

In Trinity College, Dublin, a school had been 
oi'g'iiiiiaod "with reference "to the Woolwich examina- 
tions, and a large number of exceedingly well-in- 
structed young gentlemen were sent over from. Dublin, 
to compete for appointments in the artillery and 
engineers. 'The result of one examination was par- 
ticularly satisfactory to me ; indeed the marks ob- 
tained appeared so eloquent, that I forbore saying 
a word about them. My colleagues, however, followed 
the usual custom of sending in brief reports with 
their returns of marks. After (lie results were pub- 
lished, a leading article appeared in ' The Times,' in 
which the reports were largely quoted, praise being 
bestowed on all the candidates, except, the excellent 
young fellows who had passed through my hands. 

A letter from Trinity College drew my attention 
to this article, bitterly complaining, that whereas the 
marks proved them to be the best of all, the science 
candidates were wholly ignored. I tried to yet 
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matters rijJ-lit by publishing, on my own responsi- 
bility, a letter in ' The Times.' The act I knew 
could not beat.' justification from the War-Oihoe point 
of view; and I expected and risked the displeasure 
of my superiors. The merited, reprimand promptly 
eauie. 'Highly as tho Secretary of State for War 
might value the expression of Professor Tyndall's 
opinion, lie begged, to say that an examiner, appointed 
by His Royal Highness the Command er-in-Chief, ha.d 
no right to appear in the public papers as Professor 
Tyndall has done, without the sanction of the War 
Office.' Nothing could be more just than this re- 
proof, but I did not like to rest under it. I wrote a. re- 
ply, and previous to sending it took it up to Faraday. 
We sat together before his fire, and he looked very 
earnest as he rubbed his hands and pondered. The 
following conversation then passed between us : — 

F. You certainly liave received a reprimand, 
Tyndall; but the matter is over, and if you wish to 
accept, the reproof, you will hear no more about it. 

T. But I do not wish to accept it. 

F. Then you know what the consequence of send- 
ing that letter will be ? 

T. I do. 

F. They will dismiss yotu 

T. 1 know it, 

F, Then send the Utter ! 
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The letter was firm, but respectful; it acknow- 
ledged the justiee of the censure, "but expressed 
neither repentance nor regret. Faraday, in his gra- 
cious way, slightly altered a sentence or two to make 
it more respectful still. It was duly sent, and on 
the following day I entered the Institution with the 
conviction that my dismissal was there "before me. 
Weeks, however, passed. At length the well-known 
envelope appeared, and I broke the seal, not doubt- 
ing the contents. They were very different from 
what I expected. ' The Secretary of State for War 
has received Professor Tyuila.lPs letter, and deems the 
e.yplaii'iluvii therein- given jn-.r fee II </ tiulitfaotory.* I have 
often wished for an opportunity of publicly acknow- 
ledging this liberal treatment, proving, as it did, 
that Lord Panmure could discern and make allow- 
ance for a good intention, though it involved an 
offence against routine. For many years subse- 
quently it was my privilege to act under that ex- 
cellent body, the Conned for Military Education. 

On another occasion of this kind, having en- 
couraged me ina. somewhat hardy resolution Iliad 
formed, Faraday backed his encouragement by an 
illustration drawn from his own life. The subject 
will interest you, and it is so sure to be talked 
about in the world, that no avoidable harm can arise 
from its introduction here. 
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Ill the year 1835, Sir Eobert Peel -wished to offer 
Faraday a pension, but thai great statesman quitted 
oifice before lie was able to realise his -wish. The 
Minister who founded those pensions intended them, 
I "believe, to be marka of honour which even proud 
men might accept without compromise of indepen- 
dence. When, however, the intimation first reached 
Faraday, in an unofficial way, he wrote a letter 
announcing- his determination to decline the pension; 
and staling that he was quite, competent to earn his 
livelihood himself. That letter still exists, hut itwas 
never sent, Faraday's repugnance having been over- 
ruled by his friends. When Lord Melbourne came 
into office, he desired to see Faraday; and probably 
in utter ignorance of the man — for, unhappily for 
them and us, Ministers of State in England are only 
too often ignorant of great Englishmen— his Lord- 
ship said something that must have deeply displeased 
his visitor. The whole circumstances were once 
communicated to me, but I have forgotten the de- 
tails. The term ' humbug,' I think, was incau- 
tiously employed by his Lordship, and other ex- 
pressions were used of a similar kind. Faraday 
quitted the Minister with his own resolves, and that 
evening lie left his card and ;i short and decisive note 
at the residence of Lord Melbourne, staling that he 
had manifestly mistaken his Lordship's intention of 
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honouring science in his person, and declining to 
have anything whatever to do with the proposed 
pension. The good-humoured nobleman at first con- 
sidered the matter a. capital joke; but he was after- 
wards led to loot at it more seriously. An excellent 
lady, who was a friend both to Faraday and the 
Minister, tried to arrange matters between them ; but 
she found Faraday very difficult to move from the 
position lie had assumed. Alter many fruitless efforts, 
ihe at length begged of him to state what he would 
require of Lord Melbourne to induce him to change 
his mind. .He replied, 'I should require from his 
Lordship what I have no right or reason to expect 
that he would grant— a written apology for tho 
words he permitted himself to use to me.' The 
required apology came, frank and full, creditable, I 
thought, alike to the Prime Minister and the Phi- 
losopher. 

Considering the enormous strain imposed on Fara- 
day's intellect, the boy-lite buoyancy even of his 
later years was astonishing'. lie was often prostrate, 
but he had immense resiliency, which he brought 
into action by getting away from London whenever 
his health failed. I have already indicated the 
thoughts which filled his mind during (he evening of 
his life. Ho brooded on magnetic media and lines of 
force j and the great object of the last investigation 
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he ever undertook was the decision of the ques- 
tion whether magnetic force requires time for its 
propagation. How he proposed to attack this sub- 
ject we may never know. But he has left some 
beautiful apparatus behind ; dcliente wheels and 
pinions, and associated mirrors, -which were to have 
been employed in the investigation. The mere con- 
ception of such an inquiry is an illustration of his 
strength and liopei allien, and it is impossible to say 
to what results it might have led him. But the 
work was too heavy for his tired brain. It was long 
before he could bring himself to relinquish it, and 
during this struggle he often suffered from fatigue of 
mind. It was at this period, and before he resigned 
himself to the repose which marked the last two 
years of his life, that he wrote to me the following 
letter — one of many priceless letters now before me 
— which reveals, more than anything another pen 
could express, the state of his mind at the time. I 
was sometimes censured in his presence for my 
doings in the Alps, but his constant reply was, ' Let 
him alone, he knows how to take care of himself.' 
In this letter, anxiety on this score reveals itself!, for 
the tirst time, 
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'Hampton Ccii;+, Align-: 1, 18131. 

'My bbab Tyndall, — I do not know whether 
my letter will catch you, hut I will risk it, though 
fooling- very unfit to communicate with a man whose 
life is as vivid and active as yours ; but the receipt 
of your hind letter makes me to know that though I 
forget, I am not forgotten, and though Tain not able 
to remember at the end of a line what was said at 
the beginning of it, ILe imperfect marks will convey 
to you some sense of what I long to say. We had 
heard of your illness through. jNTtsh Moore, and I was 
therefore very glad to learn, that you are now quite 
well; do not run too many risks, or make your hap- 
piness depend too much, upon dangers, or the hunt- 
ing- of them. Sometimes the very thinking of you, 
and what you may be about, wearies me with fe-iirs, 
and then the cogitations pause and change, but 
without giving me rest. I know that much of this 
depends upon my own worn-out nature, and I do not 
know why I write it, save that when I write to you 
T cannot help thinking it, and the thoughts stand 
in the way of other matter. 



3 what a strange desultory epistle I am writing 
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to you, and yet I fee! so weary that I long to leave 
my desk and go to the couch. 

' My dear wife and Jane desire their kindest re- 
membrances: I hear them in the next room : . , . . 
I forget— but not you, my dear Tyndall, for I am 
' Ever yours, 

' M. Fakaday.' 

This weariness subsided when he relinquished his 
work, and I have a cheerful letter from him, written 
in the autumn of 1865. But towards the close of 
that year he had an attack of illness, from which he 
never completely rallied. Ife continued to attend 
the Friday Evening Heelings, but the advance of 
infirmity was apparent to us all. Complete rest 
became finally osHC-nlial to him, and he ceased to ap- 
pear among us>. There was no pain in his decline to 
trouble the memory of those who loved him. Slowly 
and peacefully he sank towards his final rest, and 
when it came, his death was a, falling asleep. In 
the fulness of his honours and of his age lie quitted 
us; the good iigl.it fought, the work of duty — shall I 
not say of glory— done. The ' Jane ' referred to in 
the foregoing letter is Faraday's niece, Hiss Jane 
Biirnard, who with an affection raised almost to 
religious devotion, watched him and tended him to 
the end. 
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I saw Mr. Faraday for the first time on my return 
from Marburg in 1850. I came to the Koyal Insti- 
tution, and sent up my card, with a copy of the paper 
which Knoblauch and myself had just completed. 
He came down and conversed with me for half-an- 
honr. I could not fail to remark the wonderful play 
of intellect and kindly feeling exhibited by his coun- 
tenance. When he was in good health the question 
of his aii'e would never occur to you. In. the light 
and laughter of his eyes you never thought of his 
grey hairs. He was then on the point of publishing 
one of his pipers o.n Mug no -cry si:: Hie, action, and he 
had time to refer in a flattering note to the memoir 
I placed in his hands. I returned to Germany, 
worked there for nearly another year, and in June 
1851 came back finally from Berlin to Ihi^Lnul 
Then, for the first time, and on my way to the meet- 
ing of the British Association, at Ipswich, I met a 
man who has since made his mark upon the intel- 
lect of his time ; who has long been, and who by the 
strong law of natural affinity must continue to be, a 
brother to me. We were both without definite out- 
look at the time, needing proper work, and only 
anxious to have it to perform. The chairs of Na- 
tural History and of Physics being advertised as 
vacant in the University of Toronto, we applied for 
them, he for the one, I for the other j but, possibly 
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guided by a prophetic instinct, the University au- 
thorities declined having anything to do with cither 
of us. If I remember aright, we were equally un- 
lucky elsewhere. 

One of Faraday's earliest letters to me had refer- 
ence to this Toronto business, which he thought it 
unwise in me to neglect. But Toronto had its own 
notions, and in 1853, at the instance of Dr. Bence 
Jones, and on the recommendation of Faraday him- 
self, a chair of physics at the Royal institution was 
offered to me. I was tempted at the same time to 
f;o olsowlioro, but :i strong attraction drew ine to his 
side. Let ine say that it was mainly his and other 
friendships, precious to me "beyond all expression, 
that caused me to value my position here more 
bigb.ly than any other that could be offered to me in 
this land. Nor is it for its honour, though surely 
that is great, but for the strong personal ties that 
bind me to it, that I now chiefly prize this place. 
You might not credit me were I to tell you how 
lightly I value the honour of being Faraday's succes- 
sor compared with the honour of having been Fara- 
day's friend. His friendship was energy and in- 
spiration; his L ' mantle ' is a. burden almost too heavy 
to be borne. 

Sometimes during the last year of his life, by the 
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permission or invitation of Mrs. Faraday, I weni 
up to Ms rooms to see him. The deep radianee 3 
which in his time of strength flashed with such ex- 
traordinary power from his countenance, had sub- 
sided to a calm and kindly light, by which my latest 
memory of him is warmed and illuminated. I knelt 
one day beside him on the carpet and placed my 
hand upon his knee; he stroked it affectionately, 
smiled, and murmured, in a, low soft voice, the last 
words that I remember as having been spoken to me 
by Michael Faraday. 

It was my wish and aspiration to play the part of 
Schiller to this Goethe ; and he was at times so 
strong and joyful — his body so active, and his intel- 
lect so clear — as to suggest to me the thought that 
he, like Goethe, would see the younger man laid low. 
Destiny ruled otherwise, and now he is but a 
memory to us all. Surely no memory could be more 
beautiful. He was equally rich in mind and heart. 
The fairest traits of a character sketched by Paul, 
found in him perfect illustration. For he was 
' blameless, vigilant, soI.k.t, of good behaviour, apt to 
teach, not given to filthy lucre.' He had not a 
trace of worldly ambition; he declared his duty 
to his Sovereign by going to the levee once a 
year, bnt beyond this he never sought contact with 
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the great. The life of Iiis spirit and of his intel- 
lect was so full, that the things which men most 
strive after were absolutely indifferent to him. 
'Give me health and a day,' says the brave Emer- 
son, 'and I will make the pomp of emperors 
'ridiculous.' In an eminent degree Faraday could 
say the same. "What to him was the splendour 
of a palace compared "with a thunderstorm upon 
Brighton Downs ? — what among all the appli- 
ances of royalty to compare with the setting sun ? 
I refer to a thunderstorm and a sunset, because 
these things excited a hind of ecstasy in his mind, 
and to a mind open to such ecstasy the pomps and 
pleasures of the world are usually of small ac- 
count. ISTature, not education, rende: d Faraday 
strong and refined. A favourite experiment of his 
own was representative of himself. He loved to show 
that water in crystallising excluded all foreign ingre- 
dients, however intimately they might he mixed with 
it. Out of acids, alkalis, or saline solutions, the 
crystal came sweet and pure. By some such natural 
process in the formation of this man, beauty and 
noulcnesa coalesced, to the exclusion of eve ry thin g 
vulgar and low. ITe did not learn his gentleness in 
the world, for he withdrew himself from its culture; 
and still this land of England contained no truer 
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gentleman than lie. Not half his greatness was in- 
corporate in li.is science, for science could not reveal 
the bravery and delicacy of his heart. 

But it is time that I should end these weak words, 
and lay ray poor garland on the grave of this 
Just ami faithful knight of God. 
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